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The Indian Regional 
Committee of the 
LU.C.N. Commission 
on Education 

Inaugural Function 

^He Indian Regional Committee of the 
lUCN Commission on Education was 
inaugurated on 14 January 1971 by Shn 
T P Singh, ICS, Secretary, Ministry of 
Education and Social Welfaie, Government 
of India and Secretary-General,Indian Natio¬ 


nal Commission for unesgo at the Indian 
National Science Academy Auditorium, New 
Delhi. This was held at the same time as the 
International Symposium on Tropical 
Ecology, organised by the International 
Society foi Tropical Ecology and the Indian 
National Science Academy and the Inter¬ 
national Tiopical Ecology Several educa¬ 
tionists deeply interested in environmental 
conservation education, delegates to the sym¬ 
posium and membeis of the National Council 
of Educational Research and Training and 
the Forest Department numbering more 
than 200 attended the function Prof B R 
Seshachar, President of the Indian National 
Science Academy piesided over the meeting 
It was very fitting that the inauguration of 
this meeting should be held at the same 
time as the symposium on tropical ecology, 
since the specialists in ecology and members 



Prof B R. Seshachar, Preiideni, INS A, addressing the gathering. Shn T P. Singh, Secietaiy, 
Ministry of Education and Social Welfare (Second from left) delivered the Inaugural Address 
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Slui S. Doraiswami, convener and Member, lUCN Commusion on Educaiion, leading the Repot t 
Otheisin theptctwe are (left to right) . Prof R Misra, Shu T.P. Singh, Ptof B R. Seshaehoi 

and Shri R C. Soni 


of the lUCN have identical interests. Prof 
Seshachar, a leading biologist in India, is 
taking a keen interest in the spread of ecology 
and ecological approach to the teaching of 
biology in the schools and colleges. Presi¬ 
ding over this function he laid stress on the 
importance of environmental conservation 
education, and the spread of awareness of the 
necessity to maintain the environmental 
purity among students and pupils of this 
country. If men were to survive from the bad 
effects of their own action in interfering with 
the balance of nature they must look up 
sharp and correct their ways to preserve the 
quality of the environment 

Inaugurating the Regional Committee, 
Shri T.P. Singh said, that there was some¬ 


thing wrong in industrialisation and the 
resultant economic and social changes, parti¬ 
cularly after the industrial revolution when 
the destructive pollution of the environ¬ 
ment became obvious Man can only be 
taught what nature permits him to do 
Man does not invent anything. It is up to 
man either to make use of his understanding 
of the natural laws for improving or damag¬ 
ing his environment. Conservation of the 
natural resources, that have enabled man 
to discover these important and useful 
principles and to apply them to improve his 
condition of life on this planet is, therefore, 
of very great importance. 

The 10th General Assembly of the lUCN 
held a little more than a year ago in Delhi 
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dearly brought into focus the necessity and 
uigency of incorpoiating education foi the 
conservation of natural resources in our 
school curricula The National Council of 
Educational Research and Training is helping 
many States which are now busily engaged 
in the development of new cuincula and 
syllabuses and it is veiy opportune that the 
Indian Regional Committee of the lUCN 
Commission on Education should start its 
work at the present time. It is very necessary 
to incorporate concepts of conservation edu¬ 
cation not only in the teaching of science and 
technology at different levels but also to 
make it a part of the totality of education 
in all subjects. Regenerative as opposed 
to destructive consumption, and the preser¬ 
vation and improvement of the initial capi¬ 
tal of natural resources that we have been 
endowed with, have to become a way of 
life. In no other way, is it possible to in¬ 
crease the standard of living of the masses 
without undermining, damaging and ulti¬ 
mately destroying the environmental capital 
that we are starting with, which will obviously 
recoil on us, sooner than we think, and 
completely shattei our vision of a better 
future. Fortunately there is still a great 
deal of this natural capital left in India 
to be preserved and added to. It is 
much easier to give a correct turn to 
education which large masses of our young 
generation has yet to receive. 

Concluding, Shn T P. Singh said that he 
was impressed with the membership of the 
Indian Regional Committee of the lUCN 
Commission on Education, and he had no 
doubt that this Regional Committee will 
meet the challenge and prevent the process 
of damaging and depletion of our natural 
resources including the still unsullied mind 
of young people who have not yet ‘learnt’ tp 
be hostile or indifferent to nature. At the 
end, he expressed his happiness in participa¬ 


ting in the inauguration of this Committee 
and wished it all success 

Earlier, Prof R. Misra welcomed all the 
Members of the Indian Regional Commitee, 
the distinguished delegates of the Sympo¬ 
sium on Tropical Ecology and other dis¬ 
tinguished guests who had come for the 
inaugural function He traced m brief the 
history of the genesis of the Indian Regional 
Committee which was the result of a decision 
taken at the 10th General Assembly of the 
lUCN He gave a briefaccount of the action 
piogramme decided upon by the Committee. 

Shn S. Doraiswami, the Convener of the 
Indian Regional Committee, next traced the 
necessity felt for creating this Indian Regio¬ 
nal Committee and also gave a brief account 
of what lUCN was and what its activities 
were for the benefit of those who were not 
familial with the same He also traced the 
common interest of all countries in educa¬ 
ting young pupils to appreciate and love 
the surrounding world of nature and strive 
to conserve its qualities favourable for and 
where possible to improve them in the in¬ 
terest of the present and future generations 
The lUCN Commission on Education 
plans a number of international meetings 
and seminars in different parts of the world 
to discuss problems of nature conservation 
to be incorporated in school curricula and 
textbooks The first seminar of this kind 
took place in June 1970 m Nevada and Shn 
S Doraiswami participated at the Seminar 
on behalf of India. The next meeting of the 
Commission on Education held at Sofia was 
attended by Prof. R. Misra. At this meeting 
it was decided to constitute the Indian Com¬ 
mittee as proposed here. The members 
suggested consist of university teachers, 
specialists in forestry, educationists of the 
Ministry of Education and NCERT, re¬ 
presentatives from private organisations like 
Bombay Natural History Society and the 
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Wild Life Preservation Society, and the 
organizer of the National Service Corp m 
universities Shri Doraiswami stressed the 
fact that every engineer, agriculturist, archi¬ 
tect, civil engineer, economist, physician 
and representative of culture and business 
department who consider nature conserva¬ 
tion as an integral part of his duty towards 
society, should be guided by its principles 
in his everyday work and in the planning 
projects. This cannot be achieved with¬ 
out teaching the elementary principles of 
preserving and rehabilitating natural re¬ 
sources in higher institutions like the profes¬ 
sional colleges He also stressed the impor¬ 
tance of creating the awareness of problems 
of preserving nature in out-of-school science 
activities of pupils and students of schools 
and colleges. 


Dr, V.M Galushin who was representing 
the Chairman, lUCN Commission on Edu¬ 
cation, at this meeting expressed some diffi¬ 
culties which this Committee might have 
to face. He stressed the fact that it is more 
important to work for our descendents then 
for the present. We have to work out how 
to implement environmental education in the 
schools, colleges and universities. 

A few members of the Indian Regional 
Committee also expressed their views about 
the importance of this Committee and its 
activities. Finally, the Convener proposed a 
vote of thanks to Shn T P. Singh and Prof. 
Seshachar for having spared their valuable 
time and in participating in the function. He 
also thanked the International Society for 

{Contd. on page 15) 



^ view of the delegates and guests 






Education for 
Conservation of 
Natural Resources 

T.P. Singh, I.C.S. 

Secretary, Ministry of Education and Social 
Welfare, Government of India 


I CONSIDER it a great privilege to 
associate myself with this august body, 
namely the International Union for Con¬ 
servation of Nature and Natural Resources, 
and to be present here on the occasion of 
the inaugural meeting of the Indian Regional 
Committee of the Commission on Education 
of this world organisation. 

That there was something wrong in 
industrialisation, and the resultant economic 
and social changes, has been felt instinc¬ 
tively by philosophers and the creators of 
great literature, not only after the so-called 
industrial revolution, when the destruction 
and pollution of the environment became 
obvious, but much earlier. In the ancient 
literature of my own country, technology has 
often been associated with evil and demo¬ 
niac powers and individuals. This instinc¬ 
tive hostility towards technology and urbani- 

Inaugural speech delivered on 14 January 1971 at 
the Indian National Science Academy, New Delhi. 


sation was largely due to a feeling that, 
somehow, such developments were against 
nature, and that nature would have us 
revenge against its children who had dared 
to go against it. This, as a little reflection 
will show, resulted from lack of commu¬ 
nication and mutual understanding bet¬ 
ween those engaged in the scientific and 
technological innovation, and the rest of 
the population, specmlly the scholars and 
intellectual leaders who had confined their 
study and research to religion, philosophy, 
literature and the fine arts. When we come 
to think of it, there is no meaning in the 
word ‘artificial’. Man can only do what 
nature permits him to'^do. Man does not 
invent anything. He makes discoveries of 
principles operative in nature and often 
finds ways of generalising those principles 
and reapplying them to the task of changing 
the human environment and mode of life, 
in a spectacular manner However, there 
IS nothing artificial, in the sense of being 
against nature, in any part of this process. 
Nature has to permit all that man is able to 
do. It is up to man, either to make use 
of his understanding of natural laws, for 
improving, or damaging his environment. 
Conservation of the natural resources that 
have enabled man to discover these impor¬ 
tant and useful principles, and to apply 
them to improve his condition of life on this 
planet is, therefore, of very great importance. 

The 10th General Assembly of the 
lUCN held a little more than a year ago, 
m this city, clearly brought into focus the 
necessity and urgency of incorporating edu¬ 
cation for the conservation of natural re¬ 
sources in our school curricula. The urgency 
of doing this is obvious if the need to make 
the fruits of the technological revolution 
available to all mankind, instead of to a 
minority only, as here-to-fore, and the rapid 
increase in the number of human beings on 



SCHOOL SCIENCE MARCH 1971 


6 

this planet, are considered. Whatever is 
there in nature, whether it be any species 
of plant or animal, or any area of land or 
water, that has not been put to any produc¬ 
tive or beneficial use so far, may yet prove 
of very great value, as we go ailong The 
earliest available Indian prayers, in the 
Vedas, are addressed not only to the great 
and powerful Gods, but also to the Earth, 
to mountains and masses of water, and to 
plants The mythological and religious 
literature of the great ancient civilisations of 
all races and tribes refers to the Divine 
Beings having assumed the form of various 
animals. This should itself be taken as an 
index of the instinctive understanding by 
great and wise people, since the dawn of 
human civilisation, of the importance of the 
natural environment, in all its aspects To 
go back to ancient sources while discussing 
modern problems is not, always, obscu¬ 
rantism. Those who “know” have always 
clearly distinguished between knowledge 
and wisdom. The storehouse of human 
knowledge has lately increased tremendously, 
but IS any knowledgeable person sure that 
"wisdom” which the poet Tennyson likened 
to the elder sister of knowledge has also 
advanced, correspondingly. 

Many of the States in India are now 
busily engaged in the development of new 
curricula and syllabuses, for various disci¬ 
plines, in their schools. The National 
Council of Educational Research and Train¬ 
ing is helping in this process, specially so 
far as the teaching of science in schools is 
concerned. It is indeed opportune that 
the Indian Regional Committee of the 
lUCN Commission on Education is starting 
Its work at the present time, so that with 
the help of educationists and conservation 
specialists in our country, we are enabled 
to incorporate environmental conservation, 
in an appropriate manner, in the teaching 


material and methods used in our educa¬ 
tional system I understand that the Jawahar- 
lal Nehru University has already decided to 
start a Depai tment of Environmeii tal .Science, 
and many universities in India have estab¬ 
lished schools of ecology in their faculties. 

It IS necessary to incorporate conservation 
education, not only in the teaching of science 
and technology at different levels, but also 
to make it a part of the totality of educa¬ 
tion in all subjects. Regenerative as opposed 
to destructive consumption and the pre¬ 
servation and improvement of the initial 
capital of natural resources that we have 
been blessed with, have to become a 
way of life In no other way is it possible to 
increase the standard of living of the masses, 
without undermining, damaging and, ulti¬ 
mately destioying the environmental capital 
that we are starting with, which will ob¬ 
viously recoil on us, sooner than we think, 
and completely shatter our vision of a better 
future. Fortunately, there is still a gieat 
deal of this natural ca.pital left in India, to 
be preserved and added to. Also, the tardy 
progress of education at the primary and 
secondary levels so far is itself an advantage, 
because it is much easier giving a correct 
turn to the education which large masses 
of our youth have yet to receive, then it 
would have been to make basic changes in a 
fully developed and set educational pattern 
covering the entire population. It is much 
easier doing something right the first time, 
than trying to do it right after liaving got 
used to doing it the wrong way, for a long 
period of time 

I have been greatly impicssed with the 
membership of the Indian Regional Com¬ 
mittee of lUCN Commission on Education, 
and I have no doubt at all that this Regional 
Committee will meet the challenge, and 
prevent the process of damage to and deple- 

(Contd on page 15) 



Indian Regional 
Committee of LU.C.N. 
Commission on 
Education 

S. Doraiswami 
Member, lUCN Commission on Education 


Report 

IYTr Chairman, distinguished delegates 
and fellow members of the Regional 
Committee of the lUCN Commission on 
Education At the outset I am very happy 
to welcome you all for this meeting which 
has been convened as a sequel to the lUCN 
General Assembly held at New Delhi in 
December 1969 At this Assembly three 
members from India weie elected to the 
Commission on Education, viz., Prof. 
R. Misra, Shri R.C. Kaushik and Shri 
S Doraiswami 

It will not be out of place to give a brief 
account of what is lUCN for such of those 
who may not be familiar with this orga¬ 
nisation The International Union for 
Conservation of Nature and Natural Re¬ 
sources (lUCN) was founded in 1948 with 
headquarters in Switzerland. It is an inde¬ 
pendent international organization whose 
membership consists of . States, govern¬ 


mental and private oiganisations and inter¬ 
national groups. It represents those who 
are concerned at man's alteration of natural 
environment through the rapid urban and 
industrial development and the excessive 
exploitation of eaith’s natural resource 
upon which rests the foundation of its sui- 
vival. 

The lUCN promotes an awareness 
through education so that as many people 
as possible may understand the value and 
the importance of renewable natural re¬ 
sources and appieciate the need to use them 
wisely. Activities of this organization in¬ 
clude General Assembly meetings, Regional 
Meetings, symposia and the dissemination 
of information through press, radio, films, 
television and through publications. 

Organization of lUCN 

The lUCN operates through a number 
of Commissions and Committees, each of 
which specialises in diffeient aspects of the 
Union’s work. Among these committees 
IS the Commission on Education which is 
pumarily responsible for the educational 
aspects of the Union’s work and acts as a 
clearing house for educational mateiial 
relating to the conservation of nature 
and natural resources. Several Regional Co¬ 
mmittees have been set up to this Commission 
to ensure that its activities take effective 
account of local conditions and needs. Such 
committees are the East European Comm¬ 
ittee, the Latin American Committee, 
and so on. 

Since its establishment the Commission 
has promoted and supported action in the 
field of conservation education through¬ 
out the woild. It has become the centre 
in this field and the principal consultative 
body of lUCN and other International 
organizations like the ICC. 

The 10th General Assembly of the Council 



SCHOOL sCJENCE MAl^CH 1971 


whicli took place m India in December. 
1969 recommended that the Commission 
on Education shall intensify its work in. 
explaining in different countries and inter¬ 
national agencies, the growing significance 
of man’s attitudes towards this natural 
environment, the aims and methods of 
rational use of natural resources taking into 
account his versatile needs of them. To this 
end it will aid in implementing a wide system 
of conservation education which would 
include: 

{a) Teaching subjects of nature conser¬ 
vation m educational institutions 
at all levels. 

(b) Specializing m nature conservation 
and in matters of preservation and 
rehabilitation of certain natural 
resources in higher and secondary 
educational institutions. 

(c) Organizing out-of-school nature 
conservation woik amongst students. 

(d) Doing propaganda on nature con¬ 
servation among various strata of 
society. 

In recent years many nations have under¬ 
taken certain efforts to make school chil¬ 
dren learn more of the tasks of nature con¬ 
servation, make them care for their natural 
environment, plant and animal kingdom, 
acquire pracbce of work in conservmg and 
rehabihtating natural resources. In India 
too, many States are now m the act of in¬ 
novating their curricula to bring them on 
modern fines. 

Each country, depending on its natural 
conditions, historical development, social 
system and traditions in nature conserva¬ 
tion may have its own forms and methods 
of educational work. Still there is much in 
common like the foremost aim being to 
educate a young man who appreciates and 


loves the surrounding world of nature and 
strives to conserve its quality favourable for 
and where possible to improve them m the 
interests of the present and future genera¬ 
tions. The Commission among othe; 
things plans a series of seminars in methods 
in different regions of the world whose aim 
will he the exchange of experience and 
elaborntion of suggestions concerning the 
inclusion of subjects of nature conservation 
in school curricula and textbooks The first 
seminar of this kind to6k place in June 
1970 in cooperat'on with the Forestal Insti¬ 
tute, headed by Prof. R Miller (Nevada, 
U S.A.) This seminar not only formulated 
some concepts of environmental education 
which was multi-disciplinary in approach, 
but also made several recommendations for 
implementing the programme of environ¬ 
mental conservation education. These 
recommendations may be found in some 
documents being distributed. The Ministry 
of Education, the Government of India 
had nominated me to attend this working 
meeting at Nevada. It is proposed to con¬ 
vene a meeting of curriculum makers of 
NCERT and a few representatives of the 
States in the near future to adopt/adapt 
these concepts to suit our educational struc¬ 
ture. It is hoped that much of these would 
be incorporated within the framework of 
our present curriculum without overloading 
it very much. 

Another meeting of the Education Com¬ 
mission was held later at Sofia (in October) 
and this was attended by Prof. R. Misra. At 
this meeting it was decided to constitute the 
Indian Committee as proposed today and 
several experts and persons interested in 
conservation education have been nominated 
to the committee. It consists of university 
teachers, specialists in forestry, educationists 
from the Ministry of Education and NCERT, 
representatives from private orgamzations 
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like Bombay Natural History Society and the 
Wild Life Preservation Society and organizer 
of the National Service Corps in universities. 

It is a good augury that the first meeting 
of the Indian Regional Committee should 
be held along with the symposium on organic 
productivity in the tropics being organized 
by INTECOL, ISTE and INSA. After 
all, conservation of nature is very much an 
ecological approach 

It was very kind of the International 
Society for Tropical Ecology to have given 
us the facilities and the opportunity to hold 
this inaugural meeting in the presence of the 
distinguished delegates of this symposium on 
tropical ecology. I am also very grateful 
for the willingness with which Shri T.P. 
Singh, Secretaiy, Ministry of Education, 
has agreed to inaugurate this Committee 
This Committee reflects the interest and 
importance attached to the problem by the 
Government of India and particularly the 
Ministry of Education in fuithering the aims 
of the education programme of lUCN among 
the schools and colleges and among the 
youth activities, 

Higher Education 

Nature Conservation Education is a 
problem not limited to primary and secon¬ 
dary schools Certain problems are not 
appreciated by those who decide on policies 
and who are decision makers. In such 
conditions educational work in nature con¬ 
servation takes an important meaning in 
training specialists in professional schools 
and colleges. Each engineer, agriculturist, 
architect, civil engineer, economist, physi¬ 
cian, representative of culture and business 
department, every one is obliged to consider 
nature conservation as an integral part of his 
duty towards society and should be guided 
by its principles in his everyday work and in 
planning projects. This cannot be achieved 


without teaching the elementary principles 
of preserving and rehabilitating natural 
resources in higher institutions like the 
professional colleges. 

I do hope that we in this committee would 
be having the cooperation of all the learned 
ecologists here. 


Speech by Dr, V. M. Galushin 

D r. V.M. Galushin, representative of the 
Chairman, lUCN Commission on 
Education, congratulated the newly elected 
members of the Indian Regional Committee 
and wished them all success. He expressed 
some difflculties which would be met by the 
Committee The main difficulty is ongmated 
from the essence of the movement for con¬ 
servation of nature itself. It is an actual 
contradiction between today and tomorrow 
between present time and future, between 
us and our grand-grand-children. The 
second difficulty is originated from young 
age of environmental education, today it 
is still little known; how to introduce en¬ 
vironmental education in curricula; how 
to implement it properly in schools, colleges 
and universities, etc. 

In our work we should remember those 
and other difficulties in order to find proper 
ways to overcome them. And more; we 
should clearly understand that our efforts 
are practically useless for us personally. 
We should think of future, we should work 
for our descendants. That should be our 
way of thinking and our philosophy. Our 
main aim is to sow its seeds into souls of 
youth in order to make their way of think¬ 
ing, their philosophy and their mode of life. 
It is not easy, but it is noble, 



SCHOOL SCIENCE MARCH 1971 


10 


first Business Meeting—15 January 1971 

O u 15 January 1971, first business meet¬ 
ing of the Regioual Committee was 
held with Dr V M. Galushin in the chair 
The first item to be transacted was the elec¬ 
tion of the Chairman of the Committee. 
Only a member of the main Commission 
on Education of the lUCN could be elected 
as Chairman, Shri S, Doraiswami who had 
already done spade work for the establish¬ 
ment of the Indian Regional Committee 
was unanimously elected Chairman and 
Col. Dayal and Prof. Pandeya were elec¬ 
ted Vice-Chairman. The Chairman was 
given the freedom to co-opt the Secretary 
later as the necessity arose. Dr Galushin 
after congratulating the newly elected Chair¬ 
man and Vice-Chairmen, vacated the Chair 
and requested Shri Doraiswami to preside 
over the rest of the meeting. 

Prof. Misra narrated the activities of the 
Banaras Hindu University which had already 
experimented in a small way in four of its 
Departments a project on conservation as 
extension of education. He agreed to cir¬ 
culate the necessary papers and documents 
to the members. One of the National Integra¬ 
tion Camps to be conducted by Banaras 
Hindu University may take up this subject at 
a symposium during the next financial year. 

The resolutions passed at the Working 
Meeting of 1969 and those passed at the 
Working Meeting in June 1970 at Nevada, 
and those passed at the Sofia Meeting in 
October 1970 were considered and endorsed 
by the Indian Regional Committee. 

The members were asked to prepare cer¬ 
tain projects with ( 1 ) title, ( 11 ) aims and ob¬ 
jectives, (ni) action proposed and (iv) results 
anticipated. One of the projects adopted was 
that suggested by Prof. K.C. Misra. Mem¬ 
bers were requested to communicate their 
projects'to the Chairman. 


I. U. C. N. 

T he International Union for Conserva¬ 
tion of Nature and Natural Resources 
(lUCN) was founded in 1948 and has 
its headquaiters in Merges, Switzerland, 
It IS an independent international orga¬ 
nisation whose membership consists of 
Slates, governmental and private organiza¬ 
tions and international groups. It lepresents 
those who are concerned at man’s altera¬ 
tion of natural environment through the 
rapid urban and, industrial development and 
the excessive exploitation of earth’s natural 
resources upon which rests the foundation of 
its suivival. 

Objectives of lUCN 

The main purpose of the lUCN is to pro¬ 
mote or support action which will ensure 
the perpetuation of wild nature and natural 
resources on a global basis. To further 
these objectives, among other things, the 
Union promotes an awareness through 
education so that as many people as possible 
may understand tbe value and the importance 
of renewable natural resources and appre¬ 
ciate the need to use them wisely. Activities 
of this organization include General Assem¬ 
bly meetings. Regional meetings, symposia 
and the dissemination of information through 
the press, radio, films and television and 
through publications 

Organization of lUCN 

The lUCN operates through a number o 
commissions and committees, each of which 
specialises in different aspects of the Union’s 
work. Chairmen of Commissions are appoin¬ 
ted by the General Asssembly, members are 
appointed by the Executive Board on the 
recommendations of the Commissions. 
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Commissions on Education 

Among the several commissions it has 
established, the Commission on Education 
is primarily responsible for the educational 
aspects of the Union’s work and acts as a 
clearing house for educational material re¬ 
lating to the conservation of nature and 
natural resources The Commission uses 
the press, radio, films and television for 
advancement of Conservation Education 
The Regional Committee has been set up 
to ensure that its activities take effective 
account of local conditions and needs 

Since its establishment the Commission 
has promoted and supported action in the 
field of Conservation Education throughout 
the world and thus has become the world 
centre in this field and the principle consul¬ 
tative body of lUCN to UNESCO and other 
individual organizations It has held some 
successful workshops and symposia in 

Nairobi (1963), Bangkok (1965), Lucern 
(1966)and Bariloche (1968) The Commission 
on Education is publishing a Newsletter 
with the view that it will enable educators, 
scientists and other specialists to receive 
information about the recent work of the 
Commission and its Regional Committee 
and that it will contribute to the develop¬ 
ment of an exchange of information on En¬ 
vironmental Education in different countries. 

The lUCN has always considered its 

Commission on Education as one of its 
important bodies This is mainly because of 
the inter-disciplinary role of education in¬ 
tegrating all the components of nature 
conservation and interpreting its scientific 
basis as well as practical matters both to the 
general public and recent and future spe¬ 

cialists in different fields. 

At the 10th General Assembly meeting, 
on December 1, 1969, the Executive Board of 
lUCN elected three Indian members, namely 


Prof. R. Misra, Shn S Doraiswaini and 
Sri R C Kaushik to the lUCN Education 
Commission These thiee members have 
been requested to constitute an Indian Re¬ 
gional Committee of the Commission on 
Education of the lUCN to carry on the 
work of Education Commission in India and 
later expand to include some neighbouring 
countries The three members have met 
already a few times and they have drawn up 
a programme of work and expansion of the 
Commission since the Delhi meeting. There 
have been two working meetings of the 
Education Commission, one at Nevada and 
another at Sofia in Bulgaiia The last meeting 
of the Education Commission at Sofia 
brought out the following developments 

I. The decision to enlarge the present 
Indian Committee by bringing in the follow¬ 
ing membership, 

(1) Four University Teachers fiom North, 
South, West and East regions of the 
country interested in Ecology/Nature 
Conservation/Environmental Science. 

(2) Two teacher organiseis of the National 
Service Coips in imiversities. 

(3) The President of Forest Research Insti¬ 
tutes and Colleges, Dehra Dun 

(4) Four Forest Officers from different 
legions known for their interest in 
education/organisation. 

(5) One nominee each of the Ministries 
of Agriculture and Education. 

(6) One nominee of the Bombay Natural 
History Society or its President. 

(7) One nominee of the Wild Life Assoica- 
cialion of India. 

(8) Three present Members of the lUCN 
Education Commission already elected 
by the Executive Board of lUCN. 

(9) Shri S. Doraiswami to be the con¬ 
vener of this group and set up a secre¬ 
tariat at his place of work. 
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II. The employer organisations of the 
members shall be approached to meet the 
cost of the travel for attendance at the 
meetings. 

The inaugural meeting of the enlarged 
Committee was held at New Delhi on January 
14, 1971, at the time of the Symposiiun on 
organic productivity in the topics organized 
by INTECOL, ISTE and INSA. 

The following members were unanimously 
elected to the Indian Regional Committee 
of the lUCN Commission on Education. 


List of Members 

1. Dr R.S. Ambasht, 

Reader in Botany, 

Banaras Hindu University, 

Varanasi. 

2. Shri S.R Chaudhaii, 

Senior Research Officer (Wild Life), 

Indian Forest College, F.R.I College, 

P.O New Forest, 

Dehra Dun. 

3 Dr. H.C. Day, 

Director of Forest Education, 

Forest Research Institute and College, 

P O. New Forest, 

Dehra Dun. 

4. Col. P Dayal, (Vice-Charlman) 

Director General NFC, 

Ministry of Education, 

New Delhi. 

5 ShriS Doraiswami, (.Chairman) 

Member, lUCN Commission on Education, 
Reader, Depaitment of Science Education, 
NIB Campus, Sti Aurobindo Marg, 
New Delhi-16. 
d- Shri’Hari Dang, 

Principal, 

Air Force Central School, 

Subroto Park, Delhi Cantt., 

Delhi. 

7. Dr. A.M. Mahmood Hussain, 

Principal, 

Southern Forest Rangcr.s College, 
Coimbatore. 


8. ShiiT R. Jayaraman, 

Joint Secretary, 

Ministiy of Education, 

New Delhi. 

9. Sti R.C Kaushik, 

Member, lUCN Commission on Education, 
Chief Conservator of Foiesls, 

Himachal Pradesh, 

Simla. 

10. Prof. S. Knshnaswami, 

Prof, of Biology, 

Madurai University, 

Madurai 

11. Dr. L.P. Mall, 

Head of Botany Department, 

Vikram University, 

Ujjain. 

12. Prof. R. Misra, 

Member, lUCN Commission on Education, 
Head of the Department of Botany, 
Banaras Hindu University, 

Varanasi 

13. Dr R.N. Mishra, 

Secretary, 

Wild Life Preservation Society of India, 
Dehra Dun 

14. r'r. K.C Misra, 

Reader in Botany, 

Banaras Hindu University, 

Varanasi. 

15 Dr. S C. Pandeya, (Vice-Chairman) 
Depratmenl of Bio-Sciences, 

Saurashtra University, 

Rajkot-1 

16. Sri S.K. Seth, 

Pi esident 

Forest Research Institute, 

Dehra Dun 

17. Sri R.C. Soni, 

Inspector General of Forest, 

Food and Agriculture Ministry, 

Krishi Bhawan, 

New Delhi. 

18 SriZafar Futehally, 

Hony. Secretary, 

Bombay Natural History Society, 

Hornbill House, 

Shahid Bhagat Singh Road, 

Bombay-1. 
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Resol Lilians on Education 
Adopted by the Tenth Geneial 
Assembly of lUCN, New Delhi, 
1 December 1969 


Teacher Training 

T he Tenth General Assembly of lUCN 
meeting at New Delhi m November 1969 
appeals to Governments that teacher train¬ 
ing for primary and secondary schools 
should include environmental education, of 
which the training in field-work ought to be 
a vital part, and that all fields of biology 
teaching at universities and teachcr-high 
schools should include practical training m 
organising field-work, and fuither appeals to 
all relevant bodies to provide didactic inate- 
lial and financial aid wherever these are 
urgently required 

Pollution and Education 

The Tenth General Assembly of lUCN 
meeting at New Delhi in November 1969 
consideimg the growing threat to the environ¬ 
ment caused, by pollution, recognizing 
that many well documented features of en¬ 
vironmental pollution provide an insight into 
the characteristic of ecological inter-rela- 
tionships, urges that the attention of 
teachers at all levels of education be drawn 
to environmental pollution, and iccommends 
that they be urged to find means by which 
pollution matters could feature in their 
lesson plans and teaching programmes, 
and fuither recommends that special effort 
be directed towards the conservation 
education of professional people, in public 


service and private sectors, whose decisions 
are the basis for community affairs and 
development with regard to the environ¬ 
ment, and that problems of environmental 
quality and of environmental pollution be 
included in the syllabi for education and 
professional training of industrial chemists, 
medical and pharmaceutical suppliers and 
associated professions, foiesters, agricultura¬ 
lists, civil engineers, landscape designers, 
and planners and other resource-linked pro¬ 
fessors. 

School Education in India 

Considering the deterioration of the hu¬ 
man environment in India, as in the rest 
of the world as a result of disturbance of 
nature and depletion of the natural lesources; 
recognizing the urgent need for introducing 
and intensifying appropriate methods of 
conservation education at all levels, consi¬ 
dering that conseivation education should 
become a part of the cuinculum of all 
schools, being aware of the pressing need 
for an ecologically oriented method, of edu¬ 
cation in the teaching of biology and other 
subjects, the 10th General Assembly of 
lUCN meeting at New Delhi m November 
1969 urges national authorities on educa¬ 
tion, cduca.Iional oigamzations and other 
similar bodies engaged m the revision of 
curricula and. syllabuses in all States to 
take into consideration the importance of 
conservation education and include con¬ 
cepts of these topics in the syllabuses in 
biology, physics, chemistry, geography, social 
sciences and other lelated disciplines, and to 

1 Prepa.re teaching aids including suit¬ 
able textbooks, teacher guides and 
supplementary mateiia.ls based on the 
syllabuses and audio-vi.sual aids like 
charts, models of animals m danger 
of extinction, film-strips and films, 
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2. Include teaching in the classrooms to 
follow methods involving environ¬ 
mental studies so that an awareness 
of the role of nature is created in the 
pupil, 

3. Train a core of teachers through 
short courses in conservation and 
environmental concepts to form the 
leaders in theii respective areas and 
act as resource-specialists to train 
further batches of teachers; 

4. Encourage the appropriate autho¬ 
rities to develop systems of incen¬ 
tives for teacher-participation in in- 
service courses, of conservation edu¬ 
cation; 

5. Organize workshops, seminars and 
other training activities foi teachers 
who are responsible for environ¬ 
mental education, 

6 Organize out-of-school activities 
through such organizations as Young 
Naturalist Societies which should be 
encouraged to undertake excursions 
and summer camps to study nature 
and nature conservation, 

7. Set up a working group as Action 
Committee to guide workers on con- 
scivation education; to include uni¬ 
versity teachers, central educational 
organizations and State Departments 
of Education and representatives of 
voluntary organizations engaged in 
nature conservation activities, 

8. Make full use of available assistance 
offered by mter-governmental and 
non-governmental organizations for 
those nature conservation education 
programmes that would gain in 
strength and scope through such 
action. 

It further recommendsthat an Indian Commit¬ 
tee of lUCN’s Commission on education be 


set up to maintain the activities and the 
follow-up in the States 

Youth and Conservation 

In view of the rapidly increasing interest 
among young people of many countries m 
the problems of the natural enviionment, 
considering that for the future of lUCN and 
for the future of the national use develop¬ 
ment of the world’s natiiial resources this 
growing interest should receive wider support 
and encouragement from conservationists, 
and m view of the dimensions of the world 
population increase and the fact that more 
than half of the present population is under 
25 years of age, the 10th General Assembly 
lUCN meeting at New Delhi in November 
1960 resolves that 

1, lUCN consider the active promotion 
of out-of-school conservation educa¬ 
tion programmes for young people, 
especially through its Education 
Commission and in cooperation with 
the International Youth Federation 
for Environmental Studies and Con¬ 
servation; 

2. lUCN should endeavour to persuade 
its member states, oi ganizations and 
international agencies with which 
it IS associated to 

a) encourage the participation of 
young people in the decision pro¬ 
cess, as well as action programmes 
in the sphere of conservation of 
natural resources; 

b) assist young people to organize 
their own projects and pro¬ 
grammes of action such as work 
camps, study camps, courses and 
conferences, both nationally and 
internationally, 

c) encourage the establishment of 
youth conservation programmes lu 
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developing countries to assist in 
the integration of an ecological 
approach into the community 
development process 

International Cooperation in Education 

One of the uigent problems in the field 
of environmental education is the proper 
integration and coordination of all activities, 
developing or planned It is necessary to 
make relevant surveys on a serious research 
basis to prevent overlapping by various 
authorities, organizations, centres, institutes 


and other bodies, to discover the gaps in the 
whole systems and programmes of environ¬ 
mental education and to make efforts to fill 
in those gaps The Tenth Geneial Assembly 
of lUCN meeting at New Delhi in November 
1969 therefore urges early establishment of 
an “Inter-Agency Working Group on 
Education” recommended in Resolution 
No. 13 from the Biosphere Confeience, is a 
task of high priority The international 
agencies and organizations concerned are 
requested to create such a group as soon as 
possible. 


{Contd fiom pa^e ■/) 

Tropical Ecology and the Indian National 
Science Academy foi having provided the 
facilities for holding the meeting He 
thanked the members who were present in 
large numbers, and looked forward to a 
happy period of cooperation in this common 
task of preservation of nature and spreading 
the principles of environmental conservation 
education. 

Shri Kaushik had expressed his inability 
to attend the function, but extended his 
wholehearted cooperation m the venture. 


Shn S.R Chaudhan, Dr. H C, Day, Dr. 
A.M Mahmood tlussain, Dr. R.N. Misra 
and Shn Han Dang could not be present 
All the other members were present. 

S Doraiswami 
Chairman 


[Contd fiom page 6) 

lion of our natural resources including the 
still unsullied imnd of our young people 
who have not yet “learned” to be hostile or 
indifferent to natuie I am very happy to 
participate in the inauguration of this 
Committee, and I wish it all success. 




Ecology in 
Kindergarten 


A s elsewhere, there is widespread con¬ 
cern. in Europe about the threat to the 
environment An international con- 
feience held in 1968 was devoted entirely 
to the question of how to preserve life in 
all its forms Although the conference 
lacked the powers of enforcement, it did 
recommend certain steps and proce¬ 
dures, and it decided to make the year 1970 
a focal point of a publicity campaign. There¬ 
upon the Council of Europe went one step 
further by declaring 1970 “Nature Conserva¬ 
tion Year” The Ministerial Committee 
appealed to all members to alert the nations 
to the grave dangers threatening our environ¬ 
ment 

Holland, with its high population density 
and advanced industrialisation is poten¬ 
tially most vulnerable It heeded the call 
by translating it into its own idiom. The 
commission instituted to take the matter 
in hand, stud.ied the question of publicity 
and then went as far as insisting at such publi¬ 
city that begin with children of kindergarten 
age. They pointed out that to an urban 
child, especially, nature is a far-away and 
often completely unknown quantity There¬ 
fore, kindergarten teachers are asked to 


take nature right into the classroom in order 
to show its wonders to the four-to-six-year- 
old set. This is achieved by very simple 
means. The tots are encouraged to water 
plants m the classrooms; they aie shown 
how to germinate beans on a wet sponge 
so that they may watch them sprout and 
develop tiny leaves. Stories about nature 
are featured above all others, and the kids 
make drawings and are shown pictures. 

In the primary schools, pupils are given 
nature calendars showing the various 
stages of development occurring during the 
course of the year. They study special lecture 
notes on such topics as “The Water,’’ 
“Our Coast”—subjects close to inhabitants 
of a waterlogged country The child,leu are 
shown how lakes and waterways get pollu¬ 
ted, and what pollution does to man and 
wildlife. They are also told what can be 
done about it. The workings of water 
purification plants are explained, and the 
children learn that they aic vciy costly and 
therefore all too thinly scatteied. The lec¬ 
ture notes urge young re?.ders nevei to forget 
about water puiilication plants, and to press 
the Government into building moic and 
more of them when they are grown up. This 
IS typical of the Dutch Here is an invita¬ 
tion to rebuke the eveiy authorities who'; 
put out the notes in the fiist place' 

The nature conservationists, who have / 
been at itlong;er than most, ba.ve t.lso stepped 
up their activities, aimed at showing youngs 
people that conservation is more than putting 5 
a fence around a piece of scenery Orga-; 
nizing camps for people between the agesf, 
of 15 and 30, they go out on the moore andj 
chop trees, which is essential if the moors; 
and marshes are to be preserved for wild-j 
life and posterity. Apart fiom the educa{, 
tional value of these camps, the free help* 
IS welcome as conservation is notorjouslj| 
poor and tutderstaffed, The young campei;f^ 
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for their part discover that conservation is 
man’s only chance of living in decent natuial 
suiroundings, and that if the destruction of 
natuie is left to go unchecked, mankind is 
bound to disappeai as wildlife is doing 
now with alarming speed. 

This Nature Conservation Year is run¬ 
ning its course in the Netherlands, as fai as 


the young arc concerned, at least, And it 
isn’t likely to stop at 12 o'clock midnight, 
December 31st either. It’s m the air, 
polluted as this element may be, and next 
year’s kindcigarten crop is sure to get a 
whiff of it, too. 


; By Comtesy ; Radio Netlieilands 


N C E R T 

Supplementary Readers for Children 

Rs.P. 


Balimoope Gandhi Ziy Ann Bandyopadhyaya 1.50 

The Story of My Life by M.K. Gandhi 2.50 

Preedora Movement in India by Nayantara Sahgal 1.50 

The Finger on the Lute: The Story of Mahakavi Subramauia Bharati 

by Mathiuam Boothalingam 2 60 

Non-Flowering Plants of the Himalaya by M A. Ran 3.60 

Shankaracharya by T.M.P. Mahadevan 0 60 

Moses by Rivka Kolet 0.50 

Jesus Christ by Muncl 'Wasi 0.50 

Gautama Buddha by J. Kashyap 1.00 

Zarathushtra by Pillo Nanavati 0.80 

Akbar by M, Mujeeb 1.00 

Raja Rammohuii Roy by G.S. Krishnayya 1.20 

Sir Syed Ahmad Khan by Mir Najabat Ali 0.50 

The Romance of Banking by S. Radhakrishnan 0.80 

Weapons : Old and New by Mir Najabat Ali 2 25 

The Life and Work of Meghnad Saha by Kamalesh Ray 1.70 

Legends of India by Muriel Wasi 3.00 

Legends of India (Hindi Edition) 1,55 

Lai Bahadur Shastri by Mir Najabat Ali 0.90 

The Romance of Theatre by Uma Anand 2 50 

The School and the Community —A Book of Short Stories 1.10 

India: The Land and the People by Naiayani Gupta 0 40 

The Life of Insects by T.N Ananthakrishnan 0,60 


For further enquiries, please write to. 

BUSINESS MANAGER 
PUBLICATION UNIT 

HmiOHIIl Mfll OF EDUMTIOHIll RESEIlllCIl W BIUIIIIIC 

SRI AUROBINDO MARG 
NEW DELHI 16 




Conservation of 
Natural Resources 

C. K. Varshney 

Department of Botany 
Umveisity of Delhi 


M ost of the problems -which wa face 
today stem from unchecked growth 
of human population and massive indus¬ 
trialization which IS accompanied by en¬ 
vironmental deterioration It is now 
generally realized that the ultimate well¬ 
being of mankind hinges upon ecological 
conservation of our finite natural resources. 
World over newspapers, magazines and 
journals are devoting increasing space to 
highlight the undesirable effects of environ¬ 
mental degradation In this connection 
‘Conservation’, ‘Natural Resource’, and 
‘Ecology’ arc familiar terms to most of 
us yet their meaning and importance 
have escaped many The purpose of this 
article is to define these terms and explain 
as to why they are assuming an ever in¬ 
creasing importance in our civilized world. 

What is Conservation'? 

Unlike most words, the term conserva¬ 
tion has luidergone considerable ‘evolution’. 
It does not carry the same connotation to all 


Whatever the source of interest, in simple 
terms it means ‘frugality’ or wise use to 
insure maximum present and future benefit 
from the available resources It does not 
necessanly mean “locking np” or saving 
resources. For example, if we stop har¬ 
vesting mature trees from a commeicial 
forest, they will eventually die, fall and 
decompose. Thus it would be wasteful. It 
would be good conservation to harvest the 
trees for our present use, and cncoiuage the 
growth of new trees for future use 

Multiple-use is a term applied to a 
management programme giving attention 
to two or more uses of a natural resource at 
the same times. 

Often, conservation practices give rise 
to heavy emotional involvement because 
they tend to balance the natural resources 
against human needs. Such a situation 
necessitates an appraisal of the resources 
and their judicioils exploitation to meet 
the aesthetic and utilitarian needs of man. 

Natural Resource Concept 

Natural resources include everything of 
natural origin living and non-living which 
human beings use and enjoy. They povide 
the base for industrial development and 
modem civilization. They include air, sun¬ 
light, soil, water, space, natural landscape, 
minerals, forests, plants and animals 

To quote Held and Clowson’ “A natural 
resource is only quality or characteristic of 
natuie which man, knows how to use econo¬ 
mically to ends which he desires.” As we look 
at resonices themselves, it is obvious that 
they fall into two distinct categoiies—those 
which are comprised of plants and animals, 
and those which are non-living or minerals. 
The first group of lesources have the capacity 
to renow themselves through the process of 
growth and repioduction if managed wisely. 
The second group of resources have no such 
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power. They aie minerals, such as non ore, 
01 iion-hving organic substances, such as oil 
and coal This group represents a sort of 
fund in which the inaxanuin amount that 
would ever be present was fixed prior to man’s 
exploitation, and is being constantly dimi¬ 
nished over the years as man uses them up 
These two classes of resources have been 
called renewable and non-renewable re¬ 
sources With any thought it becomes ap¬ 
parent that it IS impossible to manage these 
two classes of resources m the same manner. 
Finther, all the lesouices are interconnected 
and their rational use will be diihciilt witliout 
a proper appreciation of the interrelation¬ 
ships They can be utilized wisely for our 
present needs and still be available for use 
and enjoyment by future generations. Ab¬ 
sence or restricted supply of any of these will 
have seilous adveise effect on our social, 
economic, and technological advancement. 

Population explosion, rapid urbanization, 
expanding industries, and mechanized agri¬ 
culture have combined to alter dramatically 
our pattern of land use and to impose ever 
increasing demands upon our resoutce base. 
Man’s ever increasing assault on the environ¬ 
ment, under the pressure of the swelling 
population, IS changing the land, the water, 
and the atmosphere, in ways he intends and 
often m ways he does not intend This calls 
for an urgent action to counter the accelera¬ 
ted squairdenng of our natural heritage. 

Ecology 

The term ecology is derived by combining 
two Greek Woids Oikos ( = house) and 
Logos ( = Study). Ernst Haeckel, a Geiman 
biologist, in 1866 defined it as the “body of 
knowledge concerning the economy of nature, 
the investigation of the total relations of the 
animals to its moigamc environment” Fre- 
clric E, Clements considered ecology to be 
the science of the community. Recently, 


Professor Eugene P Odum, an Amciican 
ecologist, has defined it as the “study of the 
stfuctuie and function of natme”. Rcgaid- 
Icss of the actual recipe of its definition, it is 
lelatively a broad-based subject, which cuts 
across many diverse fields of study. 

The discipline of ‘Ecology’ deals with the 
inteirelationship of living oiganisms and 
their environment, which means a vast 
complex of factors including all rcsomccs. 
The ecological viewpoint is of utmost im¬ 
portance in the era of population explosion 
where certain environmental conditions will 
exert a degree of concern which man has 
never experienced befoie. Water is one such 
factor which is rapidly becoming “limiting’ 
throughout the woild. Study of wateishcds 
and their ecological management is of great 
importance specially m a countiy like oius, 
where agriculture depends diieclly or indirec¬ 
tly on rainfall. A detailed study of vegetation 
and Its manipulation cun impiove the dd,ma- 
ged watersheds and help to ensure safe and 
regular supply of water Modern civili- 
lization is, in many ways, a wasteful civi¬ 
lization since it thuves by expanding the 
energy stored, in the geological past, in the 
form of fossil fuel. It is the inherent character 
of the present civilization to generate ma,ssive 
amounts of waste Pollution of air, water 
and soil is increasing with the expanding 
technology and industry. Pollution of these 
basic resources will have unpiediclable, and 
surely unmanageable, consequences on the 
ecosystem of which man too is an integral 
part 

Some problems of population and some 
problems of natural lesources can be studied 
in isolation, but the interactions aie so 
intimate that they must be studied together. 
The ecological viewpoint of conseivation 
IS the mtergrated view of man’s environ¬ 
ment, stressing the inteidependence of all 
its parts. 
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All of US must take due interest in the 
conservation of natuial resources, since it is 
a matter of preserving life and ensuring 
bright futuie of mankind. An understanding 
of the relationship between natural resources 
and different ways for utilizing them will help 
us make wise decisions. We will be in a 
better position to sort facts from opinions. 


The land, with its watei, forests and wild¬ 
life, provides us with enjoyment and oppor¬ 
tunities for outdoor recreation. Man needs 
solitude, dignity, beauty and space pro¬ 
vided by nature for his fullest development. 
He will need them even more as populations 
everywhere increase, open land disappears, 
and natural areas become even more crowded. 
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4lmost all secondary school teachers 
^ of mathematics are aware that many 
proofs of Pythagoras Proposition have been 
developed. Irving Adler in his book A 
New Look at Geometry mentions of a book 
by Elesha Scott in which there are as many 
as 25 d different proofs. It indicates the keen 
interest taken by the mathematicians of 
different ages m the theorem No wonder 
that many other proofs can also be developed 
by mathematicians of future because the 
algebraic and geometric relations implied in 
the theorem and its applications are so many. 
Every one is acquainted with the too long 
usual proof of the theorem given in our 
textbooks. 

The following seven proofs are given with 
a view to encourage the student to discover 
(or rediscover for himself) certain facts m 
mathematics, which will definitely enhance 
his interest in mathematics. This discovery 
approach to the subject will help create 
true mathematicians and it is not very 


difficult. It requires an elementaiy knowledge 
of the subject together with the noimal 
curiosity and insight possessed by many a 
students studying in our higher secondary 
schools 

Needless to say, that some of these proofs 
of the theorem so far discovered are quite 
simple and may replace even the usual text- 
book-pioofs for the purpose of teaching in 
the classroom, but some others are definitely 
meant for the brilliant students only The 
decision ultimately depends upon the in¬ 
dividual teacher who can utilise oi reject 
any of these, considciing the age and stage 
of Ins students, he is supposed to deal with 
in the mathematics clubs. 

Only the outlines of the proofs are given 
below. 

First Proof 

Take a triangle ABC light angled at A; 
As usual, we mark AC=b, AB-=c; BC^ a. 
Produce AC to E such that CE =c and at 
E draw EF j. CE such that EF = b. Obviously 
A ABC and a ECF are congruent and CF = 
a. Also A BCF is a right angled triangle 
right angled at C. 



Now area of Trapezium AEFB =Area of 
A ABC+Area of A BCF-i-Area of A CEF. 
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i (b+c) (b+c) = |-bc+|a.a.+ic.b. extend AC to D such that aABD is rjght 

(b + c)“ = 2 bc + a® angled at B Now obviously, 

b^ + c^ =a® 


Second Proof 



Consider the A ABC right angled at A. 
Now with the usual notations we mark sides 
AB, BC, CA as shown in the figure. Draw 
ADj_BC Let BD=x; DC=y so that 
BD+DC=BC or x+y =n. In the diagram, 
we have three similar triangles: 

(i) A ABD and a CBA are similar; 

(ii) A ACD and aBCA are similar. 


BD AB .CD AC 
BA'^BC AC=BC 





(Replacing each line-segment with corres¬ 
ponding algebraic length as shown in the 
diagram.) 

.■.ca=ax . (i), b2=fly. (iij 

Adding (i) and (ii) we get 
c2-l-b2 =ff(x-hy) 

=a a 


Third Proof 

Consider aABC right angled at C. We 



ABDC, aABC and aADB are similar. 
Let Ai, A55, Ag respectively denote areas of 
AS BDC, ABC and ADB. 

(A.reas of similar As are in the 
Aj b^ latio of the squares of corres¬ 
ponding sides.) 

A-i-fAg^ a^+b® (ij 

A, b® 

Also 

A3_ C® 

b® (ii) (From as ADB 

and ABC) 

But AiH-A 2=A3 (nij (Sum of the 
parts =the whole) 
From (i, (li) and (iii) we have 
A3_a®+b®_ c® 

A2 b^ b® 
aa-Fb2=c2 


Fourth Proof 

We know that angle m a semi-circle is a 
right angle. Consider aABC with AB as 
diameter of a circle whose centre is O. 
Draw FOE parallel to CA; from E drop 
EDlCA produced to meet it in D. 
Obviously, FCDE is a rectangle and F is 
the mid point of BC. As usual we denote , 
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that AB=c, BC-fl and CA=b. 


DE=FC=^BC=ifl, DC=EF=EO+OF 



Now DE is a tangent and DAC is the 
secant from D. (EDj.dia EOF) 

DE2 =DA DC 

/_c_^b/c , b \ (Putting the 
V 2 / V 2 2 A Vl J values of DE, 

DA and DC) 

^“~4 

a® =c^-^b^ 
ci^ +b® =c® 

Fifth Proof 

Consider A ABC right angled at C. Let O 
be the centre of the excircle opposite to angle 
B and r be its radius. Let E, D, F be the 
points of tangency. Now with the usual 


notation we denote AB =c, BC =a, AC=b. 
We have AE =AF =AC-FC =b-r( v FC = 
OD = r as OFCD is a square) 
BD=BC+DC-ff-K, BE=BA + 
AE =0 +b— r. 

Obviously ABOE and a BOD are 
congruent and as such equal in aiea. 
Area of A BOE=|r (b+c—i) 
and Area of ABOD=^r (a+i) 
■^r(b-l-c-])=-ir(fl+r) 

(b+c—r) =-a+r 
b -he—a =2r 
b +c —a 

( 1 ) 


Now Area of aABC =2 area of a BOE — 
Area of quad AEOF —Area of sq OFCD 
or A ABC -2 A BOE -2 aEOA— sq OFCD 
2^=2, r (b+c-r) _^ ^ (b-r) _^.b 


-^=r(b+c—r)-r(b—r)-ra 


= rb+rc—r2—r b 4 -r^—r® 


= rc—1-2 


= r(c-r) 

Substituting the value of r from (i) we 
get, 

ah (b+c-a)/ b+c—fl'\ 

2 ^ 2 V 2 ' 

/b+c—n\/fl—b+c\ / c , b—/7\ 

"'V 2 A 2 / 

2nb=a2-(b2+fl2)+2ba 
= c^—b*—a®+2ffb 


Ffence fl®+b2=c® 



Sixth Proof 

This method utilises areas of parallelo¬ 
grams instead of areas of triangles. 

Take aABC right angled at C. Complete 
the squares ACDE and ABHL on AC and 
AB respectively. 
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C and 

FEN II BA through E. 

Complete the figure as shown 
NowMOALaudKCAL are parallelograms 
and II om moAL= ii »» KCAL (on the same 
base AL and between the same 
H 'AL and CM) 

=AC X length of the perpendicular 
between paiallel lines AC and LK 
=AC X AE 

c. 

Similarly HMOB and KHBC are parallelo¬ 
grams and are equal in area, 
i.e. II HMOB = || s’" KHBC 

=KH X length of the peipendicular 
between KH and BC 
=BCxHF 

= .(ii) 

Now from (i) and (u) we have 
II MOAL + II ™ HMOB ==bs +a* 
■■•sqABHL=b2 -t-aa 

I- LNQH-I... LHFE.s,."hfS 

.(iv) 


II ANQB + I, LNQH =sq. ALHB=c* 

-P, , (ni) and (M 

Theabovepioofis due to Professor YaniJ 

Finally we give a proof which is due to 
Coloum. 

Seventh Proof 

ABC is a right angled triangle right angled 
at C. Produce BC, AC such that we complete 
the squares BCLD and AHMC respectively 
of area a^ and b^ Complete the square 
ABbO whose area is obvioulsy c*. Now 
complete the figure as shown. 



Area of sq. FP =(a +bj 2 
But sq^ FP=sq BG + aFEG + A EDB + 
AAPB+aAHG + 

(a+b)2=c2+jab+iab + Jffb + ^ub 

« +b- +2ab =c 2 + 2 flb Hence -hb* =c2 
We conclude this article by reference to 
a very recently published article, which is yet 
another proof of this theoiem, in December 
1970 issue of Mathematics Education by Shri 
S. Venkataramaiah. There can be many more 
variants and it is necessary for malhencs 

iTorde'r To e''' 

growth for Them Professional 

thZ tTT and to enable 
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A n unprecedented threat to human 
survival has ausenfrom increased popu- 
1 ation The soa ring gi owth of ou r population 
has created multitude of problems, that of 
hunger, inalnutiition, poverty, and econo¬ 
mic and political instability In our own 
country the population problem is attaining 
serious dimensions. We are already more than 
554 millions and, at the current rate of 
growth, the population is going to double 
in only 27 years Population explosion is 
not only peculiar to our country, but is a 
characteristic feature of all the developing 
nations of the world which do not have 
enough resources even to meet the present 
Situation Apart from the problem of feeding 
and clothmg the increasing number of people 
individual freedom is rapidly eroding under 
the piessure of swelling population There is 
a growmg realization that unchecked rate of 
niiiltiplication lies at the root of most 
vexing problems with which mankind is faced 
today 

Man is degrading his own enviionment at 
a terrifying rate in addition to an ever- 
increasing demand of natural resources The 
cumulative effect of our advancing technology. 


massive industrialization, and urban con¬ 
centration have all combined not only to 
create danger to the quality of human life 
but even to pose threat to life itself. Many 
species of wildlife, which were thriving a few 
decades ago, are now extinct and the list of 
endangered species is giowing steadily. 
Our life-supporting systems such as air, soil 
and water are not only going to be limiting 
but being poisoned by pesticides and many 
other harmful chemicals. DDT is one of the 
most used organochlorine pesticides which 
has been shown to be harmful to all forms of 
life due to its long-lasting residual toxicity. 
Ecology has emerged as a science of crucial 
importance because it deals with the interac¬ 
tion between living things and their en¬ 
vironment 

The study of ecology is based on recogni¬ 
tion of the existence of organic and envnon- 
mental units known as ecosystems An 
ecosystem is a relatively independent unit 
of nature consisting of groups of organisms 
bioadly classified into piodiicers, consumers, 
and decomposers interacting within th?' 
natural ecosystems exhibiting structural and 
functional stability which is maintained by 
cycling of nutrients and down-hill transfers 
of energy. All ecosystems possess feedback 
mechanisms to recover from environmental 
modifications. There is, however, limit to 
the ability of nature to recover from en¬ 
vironmental stress whose intensity and fre¬ 
quency are greatly amplified by our techno¬ 
logy Hence, we cannot a,fford to assault our 
environment indiscriminately. In the ab¬ 
sence of this realization we are now faced 
with the problem of environmental deterio¬ 
ration resiilting from pollution of air, land 
and water Environmental biology broadens 
our outlook and helps us to see the effects 
of our activities in wider perspective. 

In developing countries the problem of 
environmental conservation is more acute 
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and demands immediate attention. In oiu 
2eal for progress and industrialization wc 
foiget to consider the consequences of en¬ 
vironmental manipulation. For example, life 
span of many dams is greatly lediiccd by 
incieased rates ol silting caused by excessive 
felling and mismanagement of their catchment 
areas Prolonged disregard of environment 
can undo all our efforts to progress We 
could hardly gather resources in qualities 
needed to repair the enviionmental damage 
promoted by wide-spread public apathy. 
The preventive conservation is more effective 
and less expensive than lestoiative conser¬ 
vation We must, theiefore, look into all 
problems before undertaking any large-scale 
technological enterprise. Consideration of 
environmental conservation may generate 
heavy emotional involvement as it tends to 
balance between our needs and quality of 
environment 

To prevent further deterioration and 
depletion of raw materials we should learn 
to process and recycle our waste products. 
A sound knowledge of the structure and 
function of nature i.s necessary for planning 
and management of resources. This implies 
an intensification of basic lesearch in ecology 
and enviionmental biology to enable the 
application of negative feedback mechanisms 
in the exploitation of our finite resources. 
Our universities should encourage and pro¬ 
vide suffieient support for the growth of 
these interdisciplinary fields 

An ^ important function of educational 
institutions IS to increase public awareness to 
support policies pertammg to the ecological 
management of the environment. In this 
effort universities and colleges have a major 
role and responsibility, We should, therefore 
introduce courses on ecology and enviroii- 


incntal biology to motivate younger genera- 
tions The new couiscs in enviionmental 
biology must emphasize functional interre¬ 
lationships, with the help of local examples, 
among the vaiious organisms including man! 
It should also provide frequent opportunities 
for field work, fiistly, to show species diversity 
in nature and, secondly, to bring home the 
idea of conseivation ecology. 

A biief outline of the course-content is 
given below. This can serve as a basis to 
evolve a suitable curiiculum 

Comprehension of man as member of 
the biomc, his life support system, evolu¬ 
tionary and cultural histoiy. 

Evolution of the biotic and abiotic eii-’ 
vironment of man. 

Man in the ecosystem, exchange of 
materials between the oiganisms and 
environment, flow of energy and cairymg 
capacity of the environment. Analysis and 
modelling of the ecosystem. 

Man in health and disease 
Population of the environment, technology 
and maintenarce of enviioiiment 
Population dynamics, human population 
and resources. 

Quality of human life. 

How many persons can live on the planet. 
Human ecology, sociology, politics, edu¬ 
cation and other cultural and social aspects 
m the age of science and technology, and in 
the context of balance of nature or main¬ 
tenance of healthy environment 
There is no doubt that we cannot progress 
and maintain quality of environment under 
the burden of mass ecological illiteracy. 
Resuscitation of our environment is possible 
only through action based on collective and 
collaborative understanding between public 
and policy makers. 
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1 '^HE history of life on, earth has been 
the history of environment moulding 
the various foims of life according to the 
changing conditions, and the history of 
struggle for existence between the various 
life foims, or between the variants of a parti¬ 
cular life form, to give rise to a natural 
biological community which is in equili¬ 
brium with the suriounclings. Moie recently, 
man has been indiscriminately polluting the 
atmospheie and ruthlessly modifying his 
surroundings in such a way as to make his 
own existence uncomfortable and difficult. 
He has been contaminating his habitat with 
the products of science and technology, and 
wastes and overflows of affluence, urbanisa¬ 
tion and industrialisation. These contain 
harmful radioactive chemicals and innume¬ 
rable deadly and poisonous substances. Most 
of such discharges are irrecoverable, and go 
on accumulating and spreading all over the 
globe The spreading and increasing pollu¬ 
tion can be fought against by enforcing 
stiingent laws by a world government, or by 
educating the masses so that groups of in¬ 
dividuals and societies are aware of its 


dangers and take care to prevent it For 
the latter, theie is a need to acquaint the 
common man with the basic piinciples of 
biology—there is a need to piopagate the 
idea that man is but only a part of the huge 
biological community, and any effort to 
distuib the balance between the living and 
the non-living world will result into a 
catastrophe 

Ever since life originated on this planet, 
external forces have been acting upon it. 
Thus, evolution has taken place due to 
an interaction between the living organisms 
and their environment, and there is a two- 
way lelationship The organisms modify 
their environment and the environment, in 
its turn, modifies theoigaiiisms This leads 
to a succession of various types of organisms 
in a dynamic environment A particular 
organism, or species, invades or evolves in a 
certain environment, adjusts itself, changes 
the surroundings, and finally makes the 
environment unsuitable for itself, thus 
paving the way for its own extermination 
and fresh colonisation by other species. 

It IS well established thatvaiiations that 
aie of advantage in relation to other orga¬ 
nisms, and the pievailing conditions of life, 
succeed in the struggle for existence. Under 
the pressure of natural selection, only the 
fittest are able to survive. We also know 
that variations aie caused by environmental 
factors Once the variations are caused and 
selected by nature, they are peipetuated and 
preserved until further vauations are obli¬ 
gatory To give an example, in England, 
surveys earned out around 1850 indicated 
that most of the moths in different non- 
industrialised areas were light in colour, 
whereas a very few, less than 1 %, were dark. 
Later, with increasing industrialisation the 
percentage of dark moths increased so much 
so that in areas which had smoky buildings 
and countryside, about 90 % moths were 
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dark. Obviously, the moths that matched 
their environment best were the fittest in 
the struggle for existence. 

Such examples have been piling up ever 
since Darwm put forward the concept of 
Origin of Species and ecologists are 
tempted to talk about a climax community 
or an equilibrium between the organisms 
and their environment. This is so perhaps, 
because, to a large extent the variety, form 
and function of the organisms have been 
moulded by the environment. Once the 
atmosphere has manipulated the biosphere 
according to its whims and fancies, if there 
IS no further change, such a situation will 
give rise to a climax community in which 
the living beings and their surroundings will 
be in equilibrium with each other. A static 
Situation will arise if the organisms are unable 
to modify their environment. But we know 
that living organisms have the capacity to 
change their surroundings. 

If we consider the hisLoiy of life on earth, 
the effects of environment are very conspi¬ 
cuous. But, the reverse in which life 
moulds its surroundings has not been very 
spectacular to be perceived. Only during 
the 20th century one organism—man—has 
gathered enough resources and momentum 
to modify the environment. Now the ques¬ 
tion IS whether man, like all other species, 

IS going to alter his surroundings so as to 
make it unsuitable for himself or is there 
going to be a compromise between man and 
nature'? Do we agree with E B. White who 
says: “I am pessimistic about the human 
race because it is too ingenious for its own 
good. Our approach to nature is to beat it 
into submission. We would stand a better 
chance of survival if we accommodated ourse¬ 
lves to this planet and viewed It appreciative¬ 
ly instead of sceptically and dictatorially’’? 
Albert Scheweitzer is not optimistic either 
when he remarks: "Man has lost the capa¬ 


city to foresee and forestall. He will end' 
by destroying the earth”. 

During recent ycais, much concern har 
been expiessed about the pollution of ait ^ 
eaith, livers, sea, etc , with potentiaV 
dangerous and fatal materials. This conta 
mination is moie and more m an aliluent 
society, and has reached alarming limits in thi 
more-advanced conntrie.>. The developing' 
countries, where pollution is not yet a' 
serious problem, should be cautious because! 
a majoi part of pollution is irrecoverable/ 
For the benefit of posterity, we should try' 
to pievent the irremediable damage 

It was not until 1954 that every thinking 
individual became awaie of the tiemen- 
dous power that resides in a fissionable 
atom. Within seconds the great cities of 
Hiroshima and Nagasaki were ieduced to 
ashes The first atom bomb had exploded 
ovei Japan, and the immediate damage was 
due to the high temperatures and shock 
waves that accompanied the explosion. At 
that time, piactically no attention was 
given to the hazards from the radioactive 
elements simultaneously pioduced. 

Man has lived in a radioactive environ¬ 
ment ever since he appeared on this plane 
This background natural radiation is of 
boih terrestrial and cosmic origin Carbon?^‘ 
and tritium produced by cosmic ray intera¬ 
ctions with the earth’s atmosphere and 
potassiumio from the soil are tadioac- 
tive isotopes of essential elements in the 
biosphere Other radioactive isotopes, e.g., 
Thorium 232 , Uraniuma“ and their decay 
products are widely distributed in the 
environment from time immemorial. Man’s 
existence is ample proof of his ability to 
tolerate low levels of ladioactive exposure— 
a tolerance that has developed m course of 
time-time in terms of millenia Whether ' 
this tolerance is real, or only apparent, is J 
debatable. The net result of a fallout is a . 
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small increase in the backgionnd radiation 
to which life IS exposed, and raises the 
most difficult problem of all'—that of trying 
to ascertain the significance of this small 
but noticeable increase to gcncial health 
and well-being of the woild population in 
particulai, and the living world m general. 

Since the time of Mullei (1928) it is 
well known that radiations cause heritable 
changes in the germplasm of organisms. He 
also showed that doubling the dose resulted 
in approximately twice the number of 
mutations. It is now pretty well established 
that with increasing radiation the peicen- 
tage of mutation increases. H. Bentley 
Glass and Rebecca RitterhofF (1961) have 
indicated that even low doses of iadia.tions 
(equivalent to or even less than the back- 
giound radiation) aie mutagenic. Thus, 
i: IS evident that there is no safe dose from 
the genetic stand-point. The background 
radiation pioduces some genetic damage, 
and an inciease over the background in¬ 
creases the frequency of this damage. This 
IS the mam reason why geneticists aie so 
concerned that the human species should 
receive no more ladialion than is absolutely 
necessary, specially during ihe leproductive 
years It is also well-established that some¬ 
times radiations kill the cells or disturb 
their noimal and legular growth and divi¬ 
sion, 01 cause them to become malignant in 
course of time. 

Besides the direct effects, radiations have 
some indirect effects too. It has been 
proved beyond doubi thatirradiation results 
into the generation of peroxides in the 
substrates which can then be lethal muta¬ 
genic to a variety of organisms growing on 
them (Chopra, 1969) This leads one to 
think about the possible biological hazards, 
specially those resulting from the use of 
food materials preserved by exposuie to 
ionising radiations. 


It IS heaitening to note that the people 
are, to some extent, aware of the hazards 
of radioactive pollution. But they do not 
seem to be much concerned with other types 
of pollution Take the case of pesticides. 
Duiing the last three decades a number of 
them have been synthesised and widely 
distributed all ov;r the globe, so much so 
that many of them are quantitatively recover¬ 
able from both animate and inanimate 
objects In many developed countiies 
people are awaie of the problems of pollu¬ 
tion, and are trying to fight it on all fronts. 
U.S A. has banned the use of many herbi¬ 
cides, insecticides, fungicides and similar 
poisonous and dangerous chemicals, and m 
many cases the European countries aie 
following suit (Mcllanby, 1967; Graham, 
1970). 

There are gieater dangers of incieased 
pollution in a more affluent society. Talking 
about increasing hazaids of pollution in 
European countries. Gene H. Hogberg says: 
‘Tt is Europe’s own burgeoning pros- 
peiity that is thieatening to swamp the 
continent under a swelling tide of pollu¬ 
tion”. We, in a developing country like 
India, are passing through a critical phase 
of rapid mdustiialisation and uibannsation. 
In some ways we aie in a better posffion to 
guard against the eiiors that the more 
affluent countiies have committed. We are 
in a position to pi event excessive pollution, 
if we aie careful enough, and if we take 
lessons fiom the cuiative and preventive 
measvies adopted bv other countries, 

This does not mean that our land, at¬ 
mosphere and body are not at all polluted. 
In some cases we are alieady too late. 
Living 111 a society sustained by agricultural 
economy, we have used the herbicides, 
fungicides and insecticides nicicilessly and 
ruthlessly during the last few years, specially 
because under the threat of population ex- 
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plosion, starvation, fanrine, diought, etc., 
we have been pressed to protect the standing 
crops, at all costs As a result many chlo¬ 
rinated hyd 10 carbons have been sprayed 
over inilhons and millions of acres in India. 
Such compounds are vicious pollutants and 
are not easily broken down to simpler com¬ 
pounds. They go in the soil, are taken 
up by the plants, and ultimately reach the 
animals. Being insoluble in water, but 
highly soluble in hpids, their concentration 
lucieases m living oigamsms and decieases 
in non-biological objects. It is, thercfoie, 
not surprising that even the Penguins of the 
Arctics have traces of chloriitated hydro¬ 
carbons ill their body fats, Man is not an 
exception An aveiage Westerner cariies 
about 5-12 paits per million DDT m his 
body. People in the Western countries 
are better off in this lespect because they 
became aware of the involved hazards much 
earlier and banned the use and manufac¬ 
ture of DDT and other similar chemicals 
in Iheii countries, But, surpiisingly enough, 
we in India are carrying about 25 parts per 
million of DDT in our body, even then we 
are not bothered about its indiscriminate 
use. Collectively, more than 600 tonnes of 
DDT is being carried around in the fatly 
tissues of Indians and it is on the inciease. 
Recently, Hindustan Insecticides Ltd (a 
public secloi organisation) issued a pamphlet 
entitled “Spare the Saviour” and without 
much thought, rushed to the defence of 
DDT, thereby arousing a lot of contro¬ 
versy in the press and public. Perhaps, 
they are not fully awaie of the assertions of 
Peter Raven of Stanford who says ■ “Thei e 
is rock-solid evidence on what these chemi¬ 
cals do to other animals. It would be a 
bad mistake to think that man is unique”. 
Thus, before using the potent and more 
effective pesticides, we should think a little 
moie about the ultimate oritcoine and the 
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possible alteinativcs like biological contiol 
ineasuies. The latter would need a crash i 
piogiamme in education ajid lesearch to I 
natural methods And, for this mass ' 
consciousness and mutual co-opeiation are ; 
the two pre-icqinsites j 

Some of the chemicals that we use as i 
herbicides, fungicides and insecticides are , 
moie clangeioLis than radiations Radia¬ 
tions are haimful because they arc muta¬ 
genic and lethal Chemicals too are muta- l 
gemc and lethal This important dis- ' 
CO very was made by Chailolte Aueibacli j 
and William Robson in the eaily 1940’s i 
at the University of Edinbuigh, but seems 
to be little publicised Chemicals aie [ 
effective as herbicides, fungicides and i 
insecticides because they are lethal and '• 
mutagenic. While using them we for* | 
get that they alTect all the living oiganisms, - 
although to vaiying extents We also 
forget that we are one of the many varie- ; 
ties of living being on this planet . 

There are many other pollutants be- j 
sides the pesticides They arc the pro¬ 
ducts of mdustiialisation and urbanisation 
and fell upon the natural resources which 
support life on eaith. If we want a high 
material standard of living, without pay-; 
mg a big price for it, we should guard, 
agaimt the foul pir and fetid water. Rapid - 
indusliiahsation, mushioomiirg popri-; 
lation, and fantastic incieases in automo¬ 
bile owneislrip are the main causes cf 
befouled atmospheie. So much so thatj 
cities like New Yoik and Tokyo have a I 
monthly soot fall of about 17 and 34 i 
tonnes per square kilometre respectively.! 
Sometimes there is so much air contami-; 
nation in these cities that one cannot| 
stand on the sheet for a few houis at a| 
stretch without a gas mask The tiaflic; 
policemen legularly renirn to their head-| 
quarteis for a fiesh'supply of oxygen, f 
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OxygGn is sold on tlis sticct kiosks too. 
It has been estimated that due to exces¬ 
sive combvstion the oxygen leserve of the 
eiiviionment is giadualiy being depleted 
and the concentration of carbon dioxide, 
carbon monoxide, sulphur dioxide, nitro¬ 
gen oxide and other harmful gases is in- 
cieasing year after ycai, Oxygen balance 
IS maintained largely by the marine plants 
and micro-oiganisms. Bnt due to indis¬ 
criminate and excessive pollution of the 
sea watei, the maiine flora and fauna too 
IS dwindling. 

During 60 years between 1880 and 
1940, earth’s mean annual temperatiue 
rose by 0.40° C. Part of this increase 
IS attiibuted to the increased caibon dio¬ 
xide concentration of the atmosphere 
It is well established that carbon dioxide 
retains a lot of solar heat that is reflected 
by the eaith, On the other hand, dust 
particles and aerosols aie able to absorb 
sun’s heat directly and help in cooling the 
atmosphere Even a little shift from the 
mean tempeiature of earth’s atmosphere 
results in tremendous changes—such 
as movements of ice-sheets, wide changes 
in the amount of rainfall, etc It has 
been calculated that a rise of only 3,6°C 
in earth’s mean temperature will result 
into molten poles and a consequent 100 
metre rise in the sea level. You can well 
imagine the shapes of the continents and 
things that will follow. Besides indirect 
effects which result into a change in earth’s 
temperatiue, there is direct thermal pol¬ 
lution, By burning enormous amounts 
of fuel, man is heating the atmosphere 

We in India aie in a difficult situation. 
As compaied to the United States of Ame- 
lica, we have nine times as much popula¬ 
tion density and were passing through 
a phase of rapid industrial expansion. 
In the race to catch up with or excel the Wes¬ 


tern countiies, we forget that we aie 
making oiu atmospheie unsuitable even 
for meie sinvival. The capacity of the 
dust paiticle cover is desciibed in teims of 
the tuibidity of the atmosphere. Surveys 
of the atmospheie conducted by the Meteo¬ 
rology Department in cities like Calcutta, 
Bombay and Delhi liave shown that the 
tnibidity has increased by 50-100% in 
recent years. In Delhi tonnes of dust pei 
square kilometei is deposited fiom the an 
every month To monitor the effects of 
air pollution and uibamsation on weather, 
the Meteorology Depaitment has under¬ 
taken uiban climatological studies. It has 
set up some obseivatones in the schools 
of the metropolis for collecting data on 
the effect of pollution and urbanisation on 
the weather and climate of the capital We 
hope they will come out with critical observa¬ 
tions and effective lecommendations befoic 
It is too late 

Cement and concrete constructions, 
which arc synonymous with the growth of 
civilisation or urbanisation and industria¬ 
lisation, store the solai heat during day¬ 
time and liberate it at night, Large cities, 
therefore, act as ‘heat islands’ and cycle and 
recycle the foul air within a limited aiea, 
thereby causing the build-up of pollutants 
to hazaidous levels No one seems to be 
concerned with this. People aie rapidly 
migrating from the villages to the cities to 
dig their own graves! City outskirts are 
often subjected to open dumping and un¬ 
controlled tipping of solid, liquid and 
sludgy wastes which contaminate and dis¬ 
figure the landscape, and pollute the aii 
with unwanted odour. The noise and dis¬ 
charge of cars and lorries and overhead 
sonic booms are not less nasty. 

Household sewage and industrial wastes 
transfoim the clean and clear rivers and 
tanks into putrid reservoirs. In our 
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country raw sewage is dumped into the 
rivers. Most of out cities lack sewage 
treatment plants. This has resulted, on 
many occasions, in septic conditions m 
some of our streams. Viral pollution of 
water, due to leaking sewers laid over water 
mains and the lack of adequate public sani¬ 
tary facilities, has been responsible for the 
outbreak of diseases like jaundice, typhoid, 
etc. The people of Delhi have not foi- 
gotten the recent pollution of Yamuna near 
Okhla which resulted in the outbreak of 
jaundice in the southern parts of the 
capital. A survey carried out by the All- 
India Institute of Hygiene and Public Health, 
Calcutta, has shown that industrial wastes 
have caused serious public health hazards in 
UP., Bihar and Bengal Although drink¬ 
ing water for most Indian cities comes 
from rivers and so does 40% of the fish 
catch, we have converted all our rivers into 
‘open sewers’. 

Rivers are the carriers and oceans aie 
the final repositories of world’s wastes. 
All pollution ends up in the seas. Man 
considers the vast expanse of the sea as a 
large dumping ground Only recently 
the United States of America has thrown 
as many as 1440 lethal nerve gas rockets 
near its Florida beach Disposal of radio¬ 
active nuclides, nuclear device testings and 
space shots have significantly increased 
the amount of radioactivity of the sea water. 
Pollutions due to the wastes and dischaiges 
and accidents of tankers and fishing vessels 
into the vast expanses of the oceans are not 
less important. The memory of the Torrey 
Canyon disaster off the English shore has 
not faded as yet. The floating oil killed 
innumerable sea-birds and the use of deter¬ 
gents proved highly toxic for the marine 
flora and fauna. Besides oil and chemicals, 
modern methods of fishing and wide¬ 
spread uses c' kelps and other marine 


organisms is upsetting the ecological 
balance in the oceans The rising inercmy 
and lead concentration in the marine fish of 
U.S.A IS causing alarm because it gets 
converted into mcthyl-meicuiy and causes 
brain-damage, blindness or even death in 
human beings. Even one part per billion 
of organo-mercuiial compounds have been 
found to inhibit growth and photosynthesis 
in marine as well as fresh water planktons. 
Many things are themselves not inhibitory 
to the members of the biosphere but 
in combination with other substances they 
may prove to be fatal. Sometimes pro¬ 
longed exposures to non-inhibitoiy con¬ 
centrations may be harmful. 

Thus, whether it is an uneasing quest 
for better living or pm suit of affluence, man 
is playing havoc with his surroundings He 
is largely ignorant of and partly indiffeient 
to the fact that pollutants inteifere with 
the breeding behaviour, growth rate and 
even survival of an individual or its pro¬ 
geny. All these have a cumulative effect 
on the suivival of a species and ultimately 
on the balance of nature. 

The situation is made worse by the fact 
that pollution knows no provincial, national 
or international boundaiies All of us on 
this planet breathe in the same atmospheie, 
and wastes discharged into the rivers of one 
country travel through various nations and 
piovinces to the ocean and is then distri¬ 
buted all over the globe. Even the under- 
giound water is a good earner as well as a 
reservoii of pollutants. Moreover, with 
the shrinking distances, the vectors of pollu¬ 
tion become more and more active. 

Problems of pollution, thcrefoie, can be 
tackled on a national basis as well as conti¬ 
nental front. Jaag (1969) has made out a 
good case foi international and interdisci- 
pliiury co-opeiation in the field of waste- 
disposal. UNESCO, NATO, WHO and 
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other simlar organisations aie actively 
investigating these pioblems. As usual, 
they come out with marvellous recommenda¬ 
tions but are helpless in the absence of any 
power to enforce them In some quaiters 
people feel that undei these ciicumslances 
we need a world government—a govern¬ 
ment that stands well above the conflicting 
selfish interests and pursuits of men and 
nations, a government that can effectively 
enforce the laws, and a government that 
can teach us to live with pleasure and in 
plenty It is the most difficult but for¬ 
tunately not the only way out of the pollu¬ 
tion problem. Public awakening and culti¬ 
vation of the sense of individual lesponsi- 
bility are difficult to achieve but are sure 
to work wonders. If each one of us becomes 
conscious of the fact that if we take care 
of ourselves the woild will take care of 
itself, we and oui descendents will be able 
to live a much meriier life For this, we do 
not need to work from the top downwards, 
i e., from the world government, through 
continents, nations, provinces, districts, 
localities and families to individuals, but 
weneedto strike at the root cause. We need 


to work from below upwards. The call of the 
hour IS to acquaint the common man with 
the basic biological principles. The need of 
the moment is to bring about a thorough 
educational and social revolution 

Who will take the lead? Sinha and 
Johri (1970) have emphasised that it is 
primaiily the duty of the biologists. They 
will have to come out of their laboratories 
and will have to pi each the biological 
solutions to biological problems. This 
does not imply that biologists can manage 
single-handed. They will need the co- 
opeiation of their fellow scientists and, 
above all, of the government. 

There has been a. sudden realisation of 
the potentialities of life sciences in the 
West which has led to remarkable shift of 
general interest to biological sciences, Every 
thinking individual is leahsing that man is a 
pait, not only of a human but of a natural 
and meaningful biological community. Un¬ 
less we aie able to infuse this idea into the 
common mind, our educational and commu¬ 
nitarian reforms aie not likely to succeed, 
and our biological problems will be aggra¬ 
vated instead of being solved. 
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be labour intensive for two generations or 
more, yet she must achieve full competence 
in the most important areas of advanced 
technology. What matters is the quality 
of science and the quality of engineering, 
The building techniques will look after 
themselves on the basis of social necessity." 


Royal Society 
Delegation 
in India 

Anthony Tucker 


Five distinguished scientists from the Royal Society, 
London, ai e at present vtsiting India. Led by Prof 
Alan Hodgkin, President of the Society, Sir Harold 
Himsworth, specialist in tiopical medicine; distin¬ 
guished chemist Sn Harold Thompson; and Sir 
David Martin, Executive Secretaiy of the Society. 


A FIVE-MEMBER delegation from the 
Royal Society m London is visiting 
India at the invitation of the Indian National 


Special Interests 

The quality of science and the means of 
achieving it are among the special interests 
of the leader of the visiting group—Prof, 
Alan Hodgkin, President of the Royal 
Society. He is not only scientifically dis 
tinguished for his work on the transmissiot, 
of impulses in the nervous system and a 
Nobel Pnze-wmner for medicine in 1963, 
but he IS deeply experienced both in the 
structure and practice of post-graduate traniJ 
ing and with development of researcl 
laboratories of the highest quality Ht 
became President of the Marine Biological 
Association in 1966 

Prof. Hodgkin is a former Assistani 
Director of Research at the University ol 
Cambridge and now Professor of Biophyj 
ics. He already has extensive academic ties 
with America and with other countries li 
IS as essential to the fulfilment of his roll 
as President of the Royal Society as it ii 


Science Academy. 

Some years ago, I was at Trombay with 
the late Homi J. Bhabha and I remember 
being curiously disturbed by the disparity 
of building techniques and technological 
purpose. Indian women labourers were 
climbing pole ladders with handmade 
bricks to construct the filter stack of 
an experimental nuclear reactor. Would 
it not have been appropriate, I remarked, to 
develop modern techniques before deve- 


valuable to the international fabrics ol 
science. 

Lord Blackett, a past President of tht 
Royal Society and another distinguishd 
delegate to India, is probably more awan 
of the special problems of India—^anJ 
indeed of other rapidly developing nations- 
than any other leading figure in Western 
science. 

His personal involvement with Indian 
scientific affairs stretches back almost 4(1 


loping reactors? years and has been recognised by an hono' 

The reply was salutary. I was told; rary Doctorate from Delhi University (1941) 

“India has enormous problems. She will and an honorary Fellowship of the Indian 
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Academy of Sciences (now the Indian 
National Science Academy) in 1949. The 
fact that Lord Blackett would in any case 
have been m India on a Royal Society. 
Leverhuline visiting Professorship is an 
indication both of his continuing involve¬ 
ment with Indian affaii s and of the academic 
stnictuies which already exist to bridge the 
geographic gap between the science of India 
and the science of Biitain. 

Lord Blackett is, in fact, the fifteenth 
senior British scientist to visit India in that 
special capacity since the establishment of 
Leverhuline Professorship in 1962, but his 
importance on this occasion is probably 
less that of the scientist than of the 
very experienced Government advisei. 
Lord Blackett’s voice is one which Govern¬ 
ments throughout the world have learnt 
to respect. 

The fabric of international science weav¬ 
ing informal relationships with Govern¬ 
ment is probably one of the most important 
facets of 20th-century culture. Although 
it operates for most of the time behind 
the scenes, it can synthesise, moderate and 
inspire the development of policies without 
ever raising a single news headline. And 
it rests not on the inductive logic inherent 
to Western science, but on the personal 
experience of those involved. 

Indivisible Entity 

Taken in this light, all the members 
of the Royal Society delegation have much 
to offer. Sir Harold Himsworth, for example, 
formerly Secretary and Deputy Chairman 
of Britain’s Medical Research Council and 
honoured in several European countries 
as well as the United States and in Africa, has 
a lifetime of experience in the organisation 
and stiucture of research, and in the special 
problems of medicine in the tropics. 

There is perhaps a tendency to think of 


medical research as something distinct 
from medical practice, and to see tropical 
medicine as a sepaiate and special branch 
of both Sir Harold docs not speak of 
“tropical medicine’’ as if it were a special 
subject, hut rather of “medicine in the 
tropics”. He feels strongly that medical 
science is one indivisible entity in which no 
aspect can be segregated or neglected with¬ 
out detracting from the whole 

Because of its academic roots, total 
integration of the whole spectrum of medi¬ 
cine fiom fundamental research to clinical 
application, and because of its smoothly 
operating research unit and grant structure, 
Biitain’s Medical Research Council has 
become the envy of the woild. Sir Harold’s 
experience could be invaluable to India, 
particularly at the piesent when the develop¬ 
ment of national medical structures and 
structures and centres of scientific excellence 
is advancing rapidly. 

Similar considerations apply to Sir 
Harold Thompson, one of Biitam’s most 
distinguished chemists and spectroseopists, 
who has visited India many times and has 
many peisonal ties with Indian science. 
Again, his experience is not only that of 
science, but that of science and Govern¬ 
ment. 

Research Collaboration 

Professor of Chemistry at the University 
of Oxford and associated over many years 
with Government advisory bodies and with 
the Chemistry Research Board of tl'^e old 
Department of Scientific and Iiltdustrial 
Research, Sir Harold Thompson has been 
one of the most active participants in the 
development of the International Scientific 
Unions, These international bodies, sepa¬ 
rately representing the whole range of 
scientific disciplines, underlie a great deal 
of present-day international collaboration 
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in research and co-oidination of the many 
national research programmes It conid well 
be that Sir Harold’s experience in the deve¬ 
lopment of lesources both in university and 
industrial research will prove especially 
interesting in discussions in New Delhi. 
The structuie of post-graduate lesearch and 
its complex relationships with national 
and industrial needs are probably as well 
understood by Sii Harold as by any scientist 
m the world. 

As India is now developing her own 
National Science Academyj particular value 
can be attached to the lole of the fifth mem¬ 


ber of the group. Sir David Martin has 
for many years been the Royal Society’s 
Executive Secretary, and his administrative 
experience will be a notable asset. 

Indeed, Sir David’s expertise, together 
with that of the leadei. Prof. Alan Hodg¬ 
kin, and Lord Blackett, has brought a parti¬ 
cularly knowledgeable team to New Delhi 
at an important time From every practical 
aspect, they form one of the strongest and 
mostpotentiallv valuable teams ever launch¬ 
ed by the Royal Society. 
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How Royal Society 
Encourages Young 
Scientists 

J. G. CroWther 


B ritain’s Royal Society is the oldest and 
mostfamous scientific society. Though 
It is a private body, it perforins functions 
similar to those of the national academies 
of science which in many countries are State 
institutions These eminent and often an¬ 
cient organisations tend to become honori¬ 
fic bodies, bestowing national recognition 
of scientists m their later years, after they 
have done their best work. 

It IS very proper that a scientist who 
through his discoveries has made great 
contributions should receive appropiate 
honours, butitisdesirable thatthese should 

come to him at a sufficiently early age to e 
an encouragement to further efforts, n 
Its long history the Royal Society has given 
much encouragement to the outstanding 
younger scientists, and still does today, 
by electing them to its Fellowship as soon 
as their discoveries are seen to be of an 
important and solid character 

The Royal Society, like most societies, 


was founded by young and enterprising 
men of talent. The leading figure in its 
foundation in 1660 was John Wilkins, 
brotlier-m-law of Oliver Cromwell, and 
then aged 46. Othei foundation members 
were Robert Boyle, then 33, and Christo¬ 
pher Wren, 28, who graduated in medicine 
and was an eminent scientist before he 

became an architect. 

Isaac Newton was elected in 1671 at /y 
His incomparable work. The MathemaUcal 
Principle of Natural Philosophy was pub¬ 
lished in Latin by the Royal Society, at the 
personal expense of its assistant secretary, 
Edmund Halley, the dscoverer of the come 
named after him, who was then 37, 

President for 42 Years 

The dominant figure in the Royal Society 
during the later 18th century was Joseph 
Banks, who was elected in 1766 aged 2 

!nd became president 12 years later when 

he was 34 He continued as president for 
Ifthe age of 25, Banks was a naturalist 

on Captain Cook’s first voyage round ti e 
world, in 1768-69 during their JitsJo 
Australia and New Zealand, B“k V 
the possibilities of those countiies, and it 
was mainly due to him that Britain deve¬ 
loped them as 

introduced the cultivation of the tea plan 
from China into Malaya as it was then 
and he inspired the ° 

tain Bhghofthe 

was to introduce bread-fruit rees trom 
Tahiti for cultivation in the West Indie 
Banks was an outstanding representative 

of fhe prlg.e-i,e .gnculmral eristcc^cy 

that ruled Britain in the 18th century. ^ 
were supersed ed by the leaders of tbc Indu- 
trial Revolution which took place i 
in the latter part of that century Bank 
was succeeded as president of the Roya 
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Society by Humphry Davy, who consciously 
set out to advance the science of industrial 
processes. He was elected m 1803 at 25, 
and became president at 41. 

Davy’s most widely-known achievement 
was the investment of the miner’s safety 
lamp, which enabled the output of coal to 
be increased and the British lead in indus¬ 
trial development to be extended. His 
laboratory assistant, Michael Faraday, was 
elected in 1824, at 32, seven years before 
he discovered electromagnetic induction, 
and 22 yeats before he conceived electro¬ 
magnetic vibrations, or radio waves. 

Chailes Darwin was elected a fellow at 
29, 20 years before he published his epochal 
Origin of Species 

In Their Twenties 

In spite of its record, the Royal Society 
began to feel in the 1850s that it was not 
giving sufficient recognition to the younger 
scientists. It was partially with the aims of 
remedying tins that Thomas Henry Huxley 
was elected in 1851 at 26, and John Tyndall 
in the following year at 31. Kelvin and 
Maxwell weie elected at 26 and 29, and J.J. 
Thomson and Rutherford at 27 and 31. 

Throughout the Royal Society’s history, 
most of the British scientists who became 
famous were elected before they were widely 
known, and the tradition continues 
today. 

Among British Nobel Laureates is Pro¬ 
fessor P.A.M. Dirac, who 40 years ago 
conceived relativistic quantum mechanics, 
anti-matter and the anti-universe possible 
states of matter which are like a mirror of 
ordinary matter in terms of structure. He 
was elected at 27. 

Lord Blackett, who was the first to photo¬ 
graph the disintegration of an atom, was 
elected at 35, The physiologist Lord 
Adrian was elected at 33 and Sir Peter 


Medawai, the leading authority on immu¬ 
nity on which surgical heait-tiansplants 
depend, at 34. 

The biilliant band of Biitish molecular 
biologists who have done so much to un¬ 
ravel the molecular structures on which 
biological heredity and other essential 
processes of life depend Dr. F.H.C Crick, 
Dr J C Kendrew, Dr M.F Perutz and 
Piofessor M.H.F Wilkins were elected 
between 1954 and 1960 at ages ranging 
from 39 to 43. 

At the start of the 1970s, the Royal 
Society had 37 Fellows below the age of 
45 and three younger than 40 (the latter 
being the mathematicians J.F. Adams and 
C.T.C. Wall, and the geo-physicist O.M. 
Phillips). 

Maths Men Mature Early 

Mathematicians and theorists are usually 
the earliest to mature. Adams and Wall are 
international authorities in the recondite 
field of topology, and abstruse develop¬ 
ment of geometry. Phillips has written 
particularly on the surface waves of the 
ocean, and the inteiaction between ocean 
waves and the atmosphere. 

Among those under 45 are eminent 
mathematicians M.F Atiyahand K.F. Roth, 
elected respectively at 32 and 34, both of 
whom have received the highest Inter¬ 
national mathematical honom, the Fields 
Medal. Atiyah, who is Savilian Professor 
of Geometry at Oxford, is the son of a noted 
Arab publicist. His contributions to topo¬ 
logy and several other major branches of 
mathematics have been profound. Roth 
has solved problems in the theory of num¬ 
bers which mathematicians had attacked for 
centuries, such as the appioximatioii to 
irrational by rational numbers. 

Dr. N.A Mitchison was elected at 38. 
He is a grandson of J. S. Haldane, a nephew 
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Science in 
Science Clubs 

MiraBai PhanUel 

12 Stajf Qnarleis, Madias Chnitian College 
Tambaiaw, Madias 


E very now and Iben concern is ex¬ 
pressed by our scientists, teachers 
and politicians about the state of science 
education and scientific lesearch in India, 
and their impact on the people. The blame 
is usually laid on bureaucracy crippling the 
creative scientists, on lack of funds and 
equipment, on the “biain diain” and on 
nepotism. K.M. Panikkai, the well-known 
historian and diplomat, in his book, A 
Suniey of Indian Histoiy, questioned the 
cause of the sudden and unexplained failure 
of intellectual curiosity, which is evidenced 
by our arrested progress in scientific work 
after the sixth century. He suggested that 
Indians had gradually lost the questioning 
attitude and the eagerness to learn when 
they became steeped in a self-satisfied tradi¬ 
tion. This point of view may be disputed 
but it contains some truth as far as science 
in India today is concerned 

Most contemporary Indian adults as 
parents and as teachers at various educa¬ 
tional levels, discourage questioning by the 
young. Often questioning children are 


called impertinent and the child who rarely 
questions but accepts all adult “wisdom" 
is held up to esteem By adulthood, the 
art of intelligent questioning is lost m many 
and acceptance becomes the normal way of 
life. Fortunately all normal children are 
great questioners but some cam be easily pm 
off while others persist in getting an answer 
from others or by their own efforts Future 
researchers in all branches of knowledge 
are usually found in this latter group. Chil¬ 
dren’s questions cover all fields of hu,ms,ii 
knowledge and endeavour 

In school, children’s questions are dis¬ 
couraged because classes are depiessingly 
large, the syllabus has to be “finished” or 
the teacher is more inclined to ask questions 
than to answer them. A large pioporlion 
of children’s questions relates to the 
world around. Those questions which relate 
to the world which can be experienced by 
the senses may be called scientific questions, 
Science clubs, which exist in many schools 
and colleges, offer the best opportunity for 
asking scientific questions and for arriving 
at answers by individual or group effort, 
Unfortunately in many science clubs, the 
“club” IS stressed more than the “science", 
The usual activities of a science club are an 
inauguration and a valediction with one 
or two “talks” and/oi an excursion and 
film show in between the first two. 

Schools display individual or group 
student efforts at science fairs and exhibi¬ 
tions Many of these including some prize 
winning entries have little science in them, 
Models in papier mache, clay or plasticine 
of the human skeleton, the parts of a bean 
seed or the engine are really works of crafts¬ 
manship Portraits of eminent scientists 
by student artists, however startling the 
resemblance, are just works of art and not of 
science Neat set-ups of experiments des¬ 
cribed in the textbooks are not original 
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scientific activity but are good teaching 
aids A boaid with possible answers to 
a set of questions, in which the correct 
answer lights up when the right button is 
pressed (because of the planned electrical 
circuiting) is displayed with pride by alleast 
one school in all science fairs. This attracts 
a crowd and often wins prize but it cannot 
be called a scientific activity Assembling a 
radio receiving set also belongs to this 
category. If the various activities men¬ 
tioned above are not scientific activities, 
what others can be considered as such? 

All scientific activities are outcomes of 
the scientific attitudes One of the best 
descriptions of the scientific attitudes was 
given moie than 300 years ago by Francis 
Bacon as “The desire to seek, the patience 
to doubt, Fondness to meditate, Slowness 
to assert, Readiness to reconsider, Careful¬ 
ness to dispose and set m oider, and 
hating every kind of imposture”. Asking 
questions lelatmg to the world around 
and seeking valid answers to them should be 
the chief activity of any science club, if the 
emphasis IS to be on “science” and not on 
“club”. Two things follow from this state¬ 
ment; (,1) All students (even all students in 
a science group) cannot be expected to be 
really interested in scientific activities as 
many who do not have scientific aptitude 
get into science gionps. The science club 
should be a select group of really interested 
staff and students. Film shows and in¬ 
teresting talks may be thrown open to all. 
(2) The products of genuine scientific acti¬ 
vity may not in many cases be as attention 
catching in science fairs and exhibitions as 
a handsome papier mache skeleton or a 
tinkling self-assembled radio receiving set 
or a huge portrait of Newton. But 
written reports of the project with appro¬ 
priate details, figures and samples of pro¬ 
cesses and products can be presented to the 


public with the investigator near at hand to 
give additional information if needed 
What are the characteristics of acti¬ 
vities worth undertaking m a science club ? 
Briefly we may say such activities centre 
round questions beginning with What, How, 
Can, Will it. Such questions aie often 
asked by children. To answer them, obsei- 
vation, experimentation and reading are 
needed Experimentation does not require 
well equipped laboratones though they 
help. A resourceful mind is of greater value 
than the most sophisticated equipment. 
The following are two examples of science 
piojects: (1) Can plants manufacture starch 
in artificial light ? (This question was asked 
in the class by a boy m standard V but his 
teacher replied, “We aie talking of sunlight 
and not electric light.) 

Take two potted plants of the same 
kind and age (bean or balsam) about six 
inches high Keep both in the dark for 
24 hours but water them (Why’) Then 
expose one plant to dnect sunlight for six 
houis and the other to the light of a 60 watt 
electric bulb from a distance of five feet 
in a light-tight room for the same six hours. 
Test leaves from each plant for the presence 
of starch. 

(2) Will ragi instead of expensive polished 
rice, as the chief item of diet, really make a 
difference in health! 

Take two healthy young pigeons of the 
same brood. Put one (A), m a small bag 
and weigh it in a spring balance. Using 
the same bag and balance weigh the second 
bird (B). Feed A on expensive polished 
rice and the other on ragi. Do not give 
them anything else besides water. Feed 
them adequately each day. Weigh the 
birds at weekly intervals. After three 
weeks is there any difference between the 
birds in (a) weight and (b) appearance? 

The above two projects are suitable for 
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elementary school children. These chil¬ 
dren usually do not have science clubs but 
would benefit more from science activities 
than older pupils as they have not lost to 
a great extent their ability to ask questions. 
Older students can seek answers to questions 
like “Does burning anthracite give out 
more heat than an equal weight of burning 
lignite?” “How is the school environment 
being polluted? What can we as students 
do about It?” “What is nuclear energy? 
How do nuclear radiations kill”, etc. The 
last IS a reading project, Science is advan¬ 
cing so rapidly that none can aspire to 
keep track of its advances except in certain 
narrow fields. Our Indian students will 
remain handicapped in gathering scientific 
information by reading as we do not and 
will not in the near future have suitable 
and adequate reading material “t the 


Indian languages and most of our students 
lack the ability to read profitably in 
English. 

Many children ask interesting questions 
but they need training in asking intelligent 
questions. For sustained interest and hard 
work, the question must arise from the 
student and not be imposed on by the teacher. 
Children need training in devising adequate 
and relevant means of arriving at answers. 
A certain amount of trial and error is inevi¬ 
table. Devising methods with available 
materials, gathering information by observa¬ 
tion, experimentation, and reading, control¬ 
ling variables, identifying and rectifying 
errors, inferring, imagining and testing are 
all time-consuming processes and call for 
perseverance, but the joy of arriving at 
what was sought and the training involved 
amply compensate the hard work. 



Around the 
Research 
Laboratories in 
India 

Sugarcane Breeding Institute 

Coimbatore 


T he Sugarcane Breeding Station (now 
Institute) came into being in 1912 and 
was charged with the function of breeding 
improved varieties for the sub-tropical areas 
of India, wherein lies the bulk of the sugar¬ 
cane area. 

At its inception, the Station was under 
the administrative control of the Director 
of Agriculture, Madras. In 1924, the Sta¬ 
tion was taken over by the Government of 
India under the administrative control of 


the Agricultural Adviser to the Government 
of India and as part of the Imperial Agri¬ 
cultural Research Institute, Pusa (now 
Indian Agricultural Research Institute at 
New Delhi). In 1950 the Station was taken 
over directly by the Goveinment of India 
(Ministry of Food and Agriculture). Its 
status was raised to that of an institute 
and the designation of the Head of the 
Institute to Director from Government 
Sugarcane Expert. The Director till 
recently was Dr. J. Thulja Ram Rao with 
37 research staff. 

Aims and Organisation 

The functions of the Institute are: 

(1) To breed improved sugarcane 
varieties for all the cane tracts of 
the Indian Union; 

(2) To conduct fundamental research 
on the botany and cytogenetics of 
sugarcane as also on certain physio¬ 
logical, chemical, mycological and 
entomological aspect of sugarcane; 
and 

(3) To impart post-graduate training in 
sugarcane breeding and botany. 



Sugarcane Research Institute, Coimbatore {Main Building) 



44 


SOHOOL SCIENQE MARCH 1971 


The Institute is maintained by the 
Government of India (Ministry of Food and 
Agiicultuie, New Delhi) The Head of the 
Institute IS the Director who is also in-charge 
of the breeding work. In addition to the 
breeding section, the Institute has six other 
sections dealing with different aspects of 
sugarcane lesearch, viz , Cytogenetics, 
Botany, Physiology, Chemistry, Myco¬ 
logy and Entomology. There is a nucleus 
staff on the statistical and meteoiological 
sides. The Institute has a Sub-station 
located at Karnal (Haryana) in sub-tropical 
India 

Achievements 

The Coimbatore Institute was founded 
to fulfil a definite need of the Indian Suga.r 
Industry, viz., to breed new varieties of 
sugarcane to replace the old idigenous 
vaiieties which were notoriously poor in 
yield, giving hardly 10 tons of cane per 
acre. This objective has been fully achiev¬ 
ed. The birth of new era in Indian sugar 
industry is closely linked with the activities 
of the Institute, which has, during the past 
five decades, strived to evolve improved 
varieties, firstly for sub-tropical India and 
since 1926 for tropical India as well. The 
improved hybrid Co. varieties provided 
the much needed law material for the in¬ 
dustry and the best evidence of the achieve¬ 
ments of the Institute is a stabilised sugar 
industry in India as witnessed today 
The grant of the fiscal protection in 1931 
gave the needed fillip to the renaissance of 
the sugar industry From a country 
importing sugar to the tune of about 
Rs. 150,000,000 annually, India is now not 
only self-sufficient but also entering the 
world market. 

The work of the Institute and the results 
achieved are widely known. On the botani¬ 
cal side, the work of Dr. Barber on the 


morphology and classification of the Indian 
canes has provided exhaustive knowledge on 
them, the improvement of which was the 
major objective of cane breeding in India. 
The deliberate utilisation of the wild S, 
spontaneum m breeding (for the first time 
in the sugarcane world) and which was 
later adopted in Java was responsible for 
the success of the Co. canes as it introduced 
the needed hardiness and frost resistance 
into the seedlings. Both the above impoi- 
tant lines of studies have won for the Insti¬ 
tute a recognition as one of the leading 
centres of research on sugarcane. The 
inter-generic hybiidisation attempted (again 
for the first time) at this Institute is well 
known in the botanical world. The sugai- 
cane x sorghum crosses and sugarcane x 
bamboo crosses which among others are 
Dr. Venkatraman’s outstanding contribu¬ 
tions to science, have been acclaimed as of 
considerable importance from the academic 
and scientific points of view The Institute 
can be said to be the pioneer in the study 
of the loot system of sugaicane, a know¬ 
ledge of which is so valuable to the sugar¬ 
cane breeder and agronomist 

The sugaicane variety is the pivot round 
which 1 evolves the sugar industry and as 
in other sugarcane growing countries, in 
India also, the variety has been the centre 
around which agronomic impiovements 
have been built. The Institute, by sus¬ 
tained research, has produced improved 
sugarcane varieties to suit the diverse soil 
and climatic conditions and the varying 
needs of the white sugar and gur industries. 
These have formed the backbone of the 
industry. The earliest Co. varieties, viz., 
Co. 205, Co 210, Co 213, Co. 214, etc , 
replaced the indigenous canes while the 
later ones, viz., Co. 312, Co. 313, Co. 331, 
Co 419, Co 421, Co. 453, Co. 740, Co. 997, 
etc., have in their turn replaced the earlier 
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series because of their better performance. 

The improved varieties now occupy more 
than 90% of the sugaicane aiea in the 
country. With the increase m acreage under 
improved varieties, the yield per acre has 
also risen up. Though the all-India acre 
yield is only about 15 tons, the canes arc 
capable of giving yields of 30 to 35 tons on 
an average m North India and easily about 
40 to 45 tons in tropical India, given the 
essential agricultural facilities Actually 
much higher yields have been obtained by 
individual cultivatois. The highest acic 
yield obtained in cane competitions in 
Northern Region is 80.12 tons and in the 
Southern Region 150.51 tons. 

The Co. canes have pioved successful 
not only in India but also in other coun¬ 
tries such as South Afiica, Louisiana and 
Australia In addition, varieties like Co. 
419 and Co. 421 have been in cultivation 
in Cuba, British Guiana, Jamaica, etc 
Certain of these varieties have found a 
place in the list of ideal parents for evolving 
suitable seeding canes. 

Research in Progress 

Progress in breeding woik consists in 
exploring systematically the genetic varia¬ 
bility available in varieties and m the adop¬ 
tion of new and modern techniques for 
efficiency in breeding and selection work. 
This has been the objective of the Institute. 
The collection of 400 clones of the wild 
relative Sacchcnimi spontanewn by per¬ 
sonal visits throughout the country and the 
neighbouring countries in South East 
Asia, Middle East and Africa has placed 
in the hands of the bleeder a wide tool 
for effecting variability. These clones 
are being used in the breeding work and 
the collection forms one of the best collec¬ 
tions of wide species in any crop. The 
new tool of introducing variability through 


mutation is being pursued, Sugaicane 
varieties aie being subjected to acute iira- 
diation by Gamma lays. Vaiieties are 
being grown in the Gamma Garden at 
Indian Agricultuial Research Institute, 
New Delhi for chronic iriadiation, In 
addition, use of ladioisotopes is pro¬ 
posed to be taken up foi undeistanding 
and solving problems connected with the 
breeding technique. 

On the cytogenetical side, studies on the 
Sacchanmi species and allied geneia has 
thrown valuable light on the phylogenetic 
relationships between the species and the 
piobable origin of the cultivated sugar- 
canes. Photopenodic experiments for 
induction of flowering in sugarcane have 
been highly successful and it has been 
possible by suitable manipulation of light 
and dark treatments to induce flowering 
m non-flowering sugarcane varieties and 
synchronise the flowering peiiod of eaily 
and late varieties. This success has placed 
with the breeder more mateual for 
hybridisation work. 

In connection with studies on the resis¬ 
tance of sugaicane varieties to diseases, 
particularly red lot, techniques and method 
of assessment have been standardised. 

Sugarcane Sub-Stationj Kama! 

The Coimbatore Institute has a Sub¬ 
station at Karnal (Haryana) which is a 
vita! link with the mam sub-tropical belt 
in India. Eighty per cent of the area under 
cane in the Indian Union being in the sub¬ 
tropical belt, this sub-station has been 
useful m the selection of paients for evolving 
canes resistant to fiost and drought The 
basic information of planning the hybridi¬ 
sation work at Coimbatore has been forth¬ 
coming from the sub-station. The sub¬ 
tropical bell has benefitted from Karnal 
work in that certain of the seedlings selected, 
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like, Co. K. 26, Co. K. 30. and Co K. 32, 
have been in commercial cultivation, 

The sub-station now serves as a regional 
station for raising seedlings from fluff and 
selection of suitable varieties for the 
Noith-West agro-climatic region comprising 
Punjab, Western U.P. and Rajasthan. 

Sugarcane Regional Sub-Station, Cannanorc 

The Institute has been recognised as one 
of the two centres for the maintenance of a 
world collection of sugarcanes. This 
collection comprising over 2,000 clones is 
maintained at the Sub-station, Cannanore. 
The intention of maintaining the varieties 
at Cannanore is to ensure their freedom 
for diseases. -i 

Post-Graduate Training 

The Institute offers a short course of three 
or four months’ duration for those actually 
engaged m sugarcane work in Government 
Departments, factory estates or private 
farms, A few suitable candidates are also 
permitted to do research work (honorary) 
under proper supervision and guidance 
and submit theses for higher degree (Ph. D.) 
to the Madras University Certain students 


from other countries also have availed of 
the one year course and short course of 
training. 

Liaison and Information 

The Institute maintains close relations 
with other research institutions m India 
and abroad particularly those connected 
with sugarcane by exchanging annual 
reports and reprints of scientific papers. 
Excellent exchange relationship is main¬ 
tained with many sugarcane growing 
countries in the matter of plant material 
of varieties, 

The Institute maintains close contact with 
the cane growers and the industry A large 
number of enquiries are received every year 
from cane growers and factories regarding 
sugarcane varieties and agriculture. There 
IS a regular flow of visits from cane growers 
and factory staff to the Institute to gam first 
hand knowledge of suitable varieties, 
Members of the staff visit the State Sugar¬ 
cane Research Stations, cane growers’ fields 
and factories These visits and discussions 
have encouraged the agriculturists to bring 
their problems to the Institute and advice 
is freely given. 



Classroom Mfwriments 


Learn Biology from Your 
Surroundings: Project Work 

MoHAMivfED Azam 

Investigator, Government Multipurpose 
High School, Karimnagar (A P.) 


S CIENCE in today’s classroom needs 
to face demands of parents, the society, 
and the changing system of education. 
It IS to be replaced by an activity-oriented 
programme which provides sufficient scope 
for pupils to develop their individuality, 
initiative and habit of cooperation 
Keeping in view these changed needs, 
the investigator along with other 
science teachers of the school resolved to 
vitalise the current method of teaching, so 
that the students could take active part, 
exhibit their creative interests and supple¬ 
ment their knowledge by way of activities, 
both inside and outside the classroom. This 
will help them in developing their power 
of judgment, as well as clear thinking and 
sound knowledge of the subject-matter. 
With these objectives keeping in view the 
investigator had discussed the matter with 
other members of the staff and decided to 
take up the project work. 

Aims and Objectives 
Our project aims at: 

(I) Gathering new knowledge and 
developing its understanding among 


students from their surroundings. 

(2) Developing the skills and atti¬ 
tudes in collecting various natural 
exhibits through spot surveys or 
practical work. 

(3) Skill in collecting data through self- 
study for references. 

(4) Atmosphere created to make the 
student relax and enjoy learning. 

(5) Specific aims in mind to teach 
science in this modern world in 
the classroom or out of the class¬ 
room. 

(6) Teaching with the help of natural 
aids or exhibits. 

(7) To help the pupils to be aware of 
the impact of general science on 
their natural surroundings and on 
society. 

(8) Skill of using sufficient science 
materials to enable the students 
to obtain an appreciation of variety 
of living and non-living things, 

(9) To encourage group discussions and 
reference work, 

(10) To bring the young and energetic 
and talented pupils to our 
country as the future of our country 
lies on their shoulders. 

(11) To encourage them to participate 
in science talent search examina¬ 
tions and to the district-level, 
and state-level science fairs. 

(12) Developing the spirit of co-opera¬ 
tive work. 

Delimitation. This project “Learn 
Biology from Your Surroundings” was 
limited to the study of General Science 
or Natural Science and it was restricted 
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to Class X Section D consisting of 40 fresh water mussels, snail, round worm, etc. 
boys A period of eight weeks was fixed For gathering first-hand information, 
for the completion of the project. study tours concerning the project work 

Procedure- Before starting the project were arranged on a holiday with the 


work I, as an investigator, discussed the 
details of the project with four of my 
colleagues and with all the 40 boys. Then 
we all followed a detailed discussion 
regarding the respective assignments 

In the couise of our discussion it was 
discovered that though the students were 
reading in Class X they did not know 
the kinds of leaves, roots, stems and Chor- 
dates and non-Chordates and many things 
of natural science practically. 

It was, therefore, decided that the stu¬ 
dents make their own efforts and should 
gather information about them taking 
field trips. 

They were divided in four groups A. B. 
C. and D. Each group consisted of 10 boys. 
Each group elected a group leader and 
recorder. Each group had one student 
artist to help the group in making sketches 
and drawings. 

Group Assignments 

Group ‘A’ was assigned to collect all 
kinds of leaves, leaf modifications, xerop- 
hytic leaves, all kinds of roots, root modifi¬ 
cations, storage roots and underground 
stem modifications. 

Gioup ‘B’ was assigned to collect the 
various kinds of armless insects, belonging 
to phylum arthropoda and other non- 
chordates with the help of insect trape, etc. 

Group ‘C’ was assigned to collect the 
various kinds of flowers, that is, regular 
flowers, irregular flowers, gamopetalae 
and polypetalae and the flowers like 
water hlly, etc. 

Group ‘D’ was assigned to collect 
the specimens of phylum annelida and 
muflusca, for example, leech, earth worm. 


permission of our Headmaster They 
include the following. 

Visit to Elgandel Fort 

There is an old ancient fort about 5 kilo¬ 
metres from our school. First the boys 
visited the fort with me and under my gui¬ 
dance they have seen all the locations of the 
fort. 

Hue to the winter season the fort was 
full of various kinds of plants and 
trees. 

Group ‘A’ was allotted to collect leaves 
and roots. Hence the students of Group ‘A’ 
were busy in the collection of various kinds 
of leaves and roots with keen interest 

Group ‘B’ was engaged in the collection 
of various kinds of insects like butterfly 
and millipeds and cendipeds, etc 

Group ‘C’ students were collecting 
various kinds of flowers on the trees of the 
fort. 

Group ‘D’ was assigned to collect anne¬ 
lids and molluses as the river Manir is 
passing nearby the fort. Hence the Group 
‘D’ students were very busy in the collec¬ 
tion of various types of annelids and mollu¬ 
scs on the rivei belt. 

The investigators and four science 
teacher guided the group discussions. After 
the discussion, group leaders prepared the 
brief reports on what they have collected 
with some of their primary characters and 
how to identify them. 

Considerable improvement was noticed 
by the investigator and the teachers in the 
method of individual reporting. The boys 
were very much interested to learn the new 
things from their surroundings. 



mt to Sugar Factory 

About 4 km from the school there is 
,uear factory at Aluguuoor, on the 
iver Mamr This sugar factory has been 
ewly set up with the help of a co-operative 
auk The factory is running very smoothly. 
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referred the libiary books and noted some 
of the important points for then projects. 

Talks Arranged 

The District Education Officer, Smt. 
K.L. Hammond, B Sc, D.P Leeds, Edn , 

* _1_' «^/-,nrrn 


After the Elgandal Fort visit the visit to 
uEar factory was arranged to get the 
irst-hand information of the piepaiation 
)f sugar and molasses, etc. ^ 

About 40 boys participated and visited 
he sugar factory with the investigator and 
,he other four science assistants were with 
us. The maiiagei of the factory was known 
to the investigator and he had fully extend¬ 
ed his co-operation to the investigator 

Students were engaged in looking the 
processes of sugar preparation with keen 
interest. They were writing some of the 
important points which were explained by 
the manager. The students keenly observed 
how the sugarcane will be crushed and 
under how much temperature it will be 
boiled and why the sulphur, calcium 
and tinopal will be added to the sugar juice. 
They have learnt how to prepare jaggery 
at home by the simple method. 

Talks 

In order to clear the doubts the students 
were interviewed by the factory’s Chemi¬ 
cal Engineer, Mr. Das and explained the 
process of preparation of sugar, molasses 
and alcohol in a factory. Students were 
asked to note down the points which were 
given by him. 

Self Study 

Our school has got a good collection of 
science books with a trained and an ex¬ 
perienced librarian The investigator has 
selected some of the science general books 
for the reference of the students which will 
be helpful for the project. Boys idividually 


herself a science graduate was kind enough 
to give a talk on “Plants and Animals in 
Nature,” which was very interesting and 
she explained the general characters of 
plants and animals Shri Dharmaiah, 
Head, Department of Biology of Govern¬ 
ment Science and Arts College, 
nagar and Shri G. Rajesham, B.Sc B.Ed. 
and Shii S.S Sirajuddm, B Sc, 'B'Ed., ai^ 
the investigator Shri Molid. Azam, ■ c 
Ed. also spoke on the occasion emphasizing 
on the living on earth in general. 

Group Reporting 

Boys maintained individual diaries and 
noted information therein. T ley pre¬ 
pared their own reports with the help of 
their diaries. They have checked thmr 
reports and read them thoroughly. And 
then group leaders prepared the group 
reports under the guidance of the investi¬ 
gator. The students sat for 
Ld consolidated the reports with the help of 
the investigator 

Preparation of Charts and Models 

Students prepared charts and models 
with clay of some of the plants and animals. 
These were displayed in the Biology Lab¬ 
oratory. which was very good, so^e boy 

prepared the charts of -Conrivorous Plants 

S some boys prepared the models of 
Amoeba, Hydra and some of 
dates. They were exhibited in th 
Annual Science Fair and won the prizes and 
certificates The investigator as con¬ 
venor of the District Science Fair was 
awarded the first prize for his contribution 
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of ail interesting new exhibit. District Edu¬ 
cational OlRcer, Superintendent of Police 
and the District Collector and the local 
eminent personalities attended the Science 
Fair and praised the work of our students. 

Evaluation 

The individual diaries and gioup reports 
which were submitted by the students and 
group leaders were examined and evaluated 
by the investigator and other eminent 
science teachers on a 4-point scale 

Category 

seemed Excellent Good Fair Poor 
Students 8 20 8 4 

The four groups were evaluated as under ■ 


Group ‘A’ 

Good 

Group ‘B’ 

Fair 

Group ‘C 

Fair 

Group ‘D’ 

Good 


An essay competition was held on 22 
January 1971 The topic choosen was “The 
value of Biology m day-to-day life”. The 
investigatoi with the help of senior science 
teachers got it corrected. Thiee boys weie 
given first, second and third prizes lespec- 
tively, for their excellent performance. 
Twenty-five boys scored good and 12 boys 
scored fair and they were awaided merit 
certificates. 

Thiee short-answer type questions were 
given under the following four categories. 

1) Questions with multiple choice 
answers 

2) Questions on the filling up for the 
blanks 

3) Questions to match items 

4) Questions to pick out true or false 
answers. 

The answer papers were coriected by 
the investigator and the boys secured the 
following percentage of marks. 


Percentage of 
marks 

Less than 45% 
50%-60% 

70%-80% 
80%-90% 
Above 90% 


Total iiiiinbei of 
boys 

Nil 

7 

18 

10 

5 

Nil 


Conclusions 

On the basis of the students’ performances, 
i.e., the individual diaries, group reports, 
test results and personal observance with 
the students the investigatoi has come to the 
following conclusion: 

1. As a result of the project the boys 
became very happy and became 
acquainted with many new things 
and gathered and learned informa¬ 
tion which they did not have befoie. 

2 In the excursions, i.e., on the spot 
surveys and group work helped 
them in developing the habits of 
co-opeiative work and sense of high 
responsibility and respect to the 
teachers who were guiding them on 
the spot survey. 

3 They could freely speak with their 
teachers in order to clear out their 
doubts in the pioject progianrme 

4. Many of the students learned and 
developed the skill of drawing 
charts and preparing the exhibits 
with clay, etc. Skill of pieparing 
exhibits has not been fully develop¬ 
ed in all of them. 

5 This project enabled the school 
and the investigator to discover 
the boys who were talented in 
drawing and exhibits preparation 
with artistic aptitude. 

This kind of treatment of the topic gene- 
[ral science or the cuiricular can be effec- 
Uvely implemented only if the teacher has 
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thorough knowledge of the subject, has 
powers of observation, and thoioughly 
plans effective and intelligent methods of 
elicitation. 

These boys can become good aitists if 
proper care and guidance and work- 
experience aie provided to them fiom 


tune to time. 

Four tunned teacheus have woiked with 
the investigator and they have showed 
theii intciest significantly The'capacity of 
controlling the students in the classioom 
and out of the classroom pioved satis- 
factoiily. 


RcfrniNcr.s 

1, 5c/ioo/Sc/e/ice, Quaileily, N C.C.R T. S The Teachei Speaks,'H C.'E'R.T (Occasional) 

2 . Science Today, MonMy 4 Othei.Science Joiiinals 


Field Studies in Biology 

[The following activities weia included in the Biology Programme of the Summer 
Institute conducted at the Delhi University, Zoology Depaitment. Published by com- 
tesy of the Depaitment —Editor) 


Zoological Park Exercise 

Part I~Field Woik 

Part II—Application of Field Work 

Part III—Appendix (Key foi classification 

for Ungulates) 

This exeicise has been set up to give 
you some experience nr 

(a) Fitting a group of varied animals 
into a system of classification (Part 
I of Exercise) 

(b) To use this knowledge to study 
pioblems in animal evolution and 
distiibution (Pait II of Exeicise). 


Part I 

Classification of Hoofed Mammals—the 
Ungulates 

(Participants can attempt classification 
of other groups of mammals in a similar 
way. Mammals are used for this exer¬ 
cise because they are large and are known 
to most people without a zoological 
training.) 

Home Work 

Before you actually pioceed with an 
attempt to classify hoofed mammals of the 
Zoological Park it will be useful for you to 
look over all the other orders of mammals. 

Several references have been recommend¬ 
ed for this exercise and it is 'not intended 
that you read all those listed. 

Bibliography 

Beddard, Frank Evers. Mammalia, London: 
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Macmillan. Volume 10 of the Cambridge 
Natural History, 

Flower, William Henry and Richard Lydek- 

ker. An introduction to the study of Step IV 
mammals, living and extinct. London: 


Black. 

Young, J.Z. Life of Mammals. Oxford 
University Press. 

Parker, T. Jeffery and William A. Haswell. 

A Textbook of Zoology, Volume 2. 
London. Macmillan. 

Simpson, George Gaylo • The Principles of 
Classification and A Classification of 
Mammals. Bull. Amer. Museum of Nat. 
Hist. 85. 

Storer, Tracy I General Zoology. New 
York. McGraw-Hill. 

Field Work 
Step I (Equipment) 

Take the following with you to the 
Zoological Park: 

(a) Field Binoculars 

(b) Field Notebook 

(c) Pen or Pencil 

Step II (Identify hoofed mammals) 

As you go round the park look for 
mammals that have the end of each 
digit covered with a horny structure, the 
hoof which can be easily recognized. 
This is about the only characteristic the 
mammals in this group have in common. 

Step III (Note down characteristic features 
in each) 

After identifying hoofed mammals ob¬ 
serve and record other characteristic 
features as; 

(a) Number of digits in each limb. 

(b) Size of entire animal as well as 
parts, if necessary. 

(c) Presence or absence of horns 
and their nature. 


(d) Any other characteristic fei. 
tures worth recording. 

(Attempt to classify your data) 

Proceed to fiame a system of classifica¬ 
tion on lines similar to the one discussed 
in the laboratory on principles of 
classification. 

Step V (Check your classification) 

Check your classification of hoofed 
animals with the one that will be supplied 
to you in the Park after completion of 
your exercise. Make necessary correc¬ 
tions in your chart. 

Hole. No account of taxonomic system 
has been given here because it is 
assumed that you have already 
read one. Pages 238-254 of storer 
IS good for this A more advanced 
but less complete treatment is found 
in Romer (1945) and a very com¬ 
plete advanced account may be 
found in pages 1-33 of Simpson 
(1945). 

Part II 

Problems in Evolution And Distribution 
of Hoofed Mammals of the World 
(Part II of the exercise is to be done as home 
task) 

Step I (Preparation of chart of zoogeo- 
gtaphical regions) 

Prepare a chart listing all the zoogeo- 
graphical divisions of the world across 
the top and all the families of hoofed 
mammals (data of families obtained 
m Part I plus families noted down from 
textbooks) along the side of the chart 
as: 



Families of Hoofed Mammals of tb.e "World 


Zoogeographical Divisions of tho World 


2 3 4 5 6 7 


Fara. 

Faffl 

Fam. 

Fam. 

Fam. 

Fam. 

Fam. 

Fam 

Fam 

Fam. 



Step II (Fill in the chart) 

Fill in the chart by marking the presence 
or the absence of every family of hoofed 
mammals in the various zoogeographical 
regions using following reference: 

+=Family/jrarat m Zoo-geog. region 
-=Family absent m Zoo-geog region 

Step III (Evaluating evolutionary success 
of various families) 

From the data on your chart and from 
your other observations on the Zoolo¬ 
gical Garden collection, you are then 
to write a short account stating which 
types of hoofed mammals have been 
successful in meeting recent conditions 


and which have failed to do so and 
upon what you base your conclusions. 
Two assumptions may be made. 

1. That the orders of hoofed mammals 
each originated from a different 
ancestral group and developed the 
hoofed type of locomotion inde¬ 
pendently. 

2, That the wideness of the distribution 
of the group on the earth and the 
number of families the group has 
split into is some measure of the 
success of the group. 

Make the account brief. Give only the 
evidence for your conclusions themselves. 
All Items such as the taxonomic system, 
the bases for the zoogeographical regions. 
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the History of the pioblem, reasons for m- Form not pig-like , , jO 

terest in the problems, etc., aie extianeous 9. Three toes on huidfeet, white colliir; 

and should be left out, Your written Family Tayassuidae. 
account, together with youi chart aie then Four toes on hmdfcet, coat colour 

to be turned into your instiuctor. relatively unifoim; Pig Family 

10. Body extremely heavy; head bioad wtli 


Part III 
{Appendix) 

Key for Identification of Families of Hoofed 
Mammals (Ungulates) 

1. Trunk present . Order Pioboscidea 

Elephant Family. 
Trunk absent .... . 

2. Size about that of a labbit, no horns, 
body well haired 

(Order Hyraco id ea] , Pi ocavid Family. 
Size larger than labbit . .3 

3. Centre toe or digit larger than other 

digits, horns absent on forehead, 
(Order Perissodactyla) , 4 

Two centre toes of equal size; horns 
usually present in male . . 6 

4. Four toes on forefeet, three toes on hind 
feet; Nose horns absent, Tapir family. 

Less than four toes on forefeet. .5 

5. Single digit on all feet; no horns on 
nose region; Horse Family. 

More than one digit, horn or horns 
present in nose region; Rhinoceros 
Family. 

6. Legs and neck very long in proportion 
to body; two horns covered by skin; 
eat pattern consisting of large blothees; 

Legs and neck never longer than 
body 7 Giraffe Family. 

7. One or two humps on back; Camel 
Family. 

Hump absent . 8 

8. Pig-hke form with short legs, fiat snout, 
all tusks originating from lower jaw 
and curving upward ... .... 9 


laige mouth, legs short, ears relatively 
small; Hippopotamus Family. 

Body not heavy; legs usually long 
and graceful . , . 11 

11. Size small, tusks cuiving down from 
upper jaw, no horns present. Family 
Tragiilidae 

Horns present in male, tusks absent, 12 

12. Horns curved or coiled, but never 
branching, Cow Family, 

Horns always branching ,. 13 

13. Horns in the form of highly branched 
antlers; Deer Family. 

Horns with a single, short rearward 
blanch; Family Antilocapridae 

Fieud Study oe Birds 

The scientific field study of birds has 
an important bearing on human ecology and 
economics. 

Tiaining in field study of birds may he 
initiated in two phases: 

Fit St phase : Identification of birds in a 
locality 

Second phase-. Training in 

a. Bird behaviour 

b. Population studies 
c Migration 

d. Ecology 

e Breeding Behaviour, etc. 

Suggested Field Work 

Exercise 1, Lab. course on classifica- 
‘ tion of animals 

Exercise 2. Field trip to a local garden 
or park, Desciibe the birds m 
the park. Frame key to classify 
the birds. 
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-j Describe the birds vistinig 
classify the buds in the paik. 

cj“c4 Keep.ecoldsofblldsvis.. 

ang school compound for It yeur^ 
Classify them as resident buds an 

migrants. 


the size of 


size of 


classroom experiments 

Medium bird—About 
domestic hen (+or ) 

Small bild-About the 

mynah 

,, ..L-i-ts in following pages lefet 

Nnmbcis.nb.aeke ^ 

to r.guie numbeis in 

Book of Iiokon 


Note 


Suggested References 

Indian Hill 5iWj-Sal.m 

r;—rCi;;-pi«oh 

ss=.t.‘Tr“tc"c ii: r 

come 

Identification of Birds in a loOcaiity 

This exercise is intended to give you 

,».,ngind.vis.ngakeyfor,dcnt,rjcaMn 

of water birds at Najafgarh Lake Delh . 

You can identify the aquatic birds at 
Najafgarh lake with a fan degree of accu- 

”°Noting the location of the bird in the 
lake 

Noting the size of the biid 
Noting the characteristic colour pattern 
of the bird 

Note the location of the bird as below. 

a) Flying over water 

b) Perching on a tree growing m 
water 

c) Perching on a tree growing near 
water 

d) Wading near edge of water 

e) Wading in inlerioi of lake 

f) Swimming in water (buds other 
than ducks) 

g) Ducks 

Reference used to denote size of the bird 
Large bird-About size of vulture 
(+or-) 


a. Flying ov"' 

White Bird 

a) Size; Mynah 
Tail: Forked 

Top of head; Black 
-River Tern m 


b) Size: Hen 
^ Not Forked 

^ ' f bead- Greyish white 

Top of heaa. j 

—Black Headed Gull {H9) 


h. Pci clung on a 


Tree G?owing i” 


1. Black Bii'il 

a) Size . Hen 

■Merle- Very short 
^ Folded or open 

Comora.. m 

in form of S 
Beak- Long, slender 

2. Brown HtrA 

a) Size; Mynah + 

Back: Greenish brown 

Head and 

and dotted 
Beak; fellow 

Legs: (209) (Quite often 
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c. Perching on a Tree Growing Near Water 

Brown and Blue Bird 

a) Size: Mynah 

Breast: White 

Wing: Blue 

Body: Chocolate brown 
—White Breasted Kingfisher {113) 

b) Size. Mynah- 

Throat- White 
Upper side; Blue 
Lower side • Brown 
Side of head. White 
Bill: Large and Red 

—Common Kingfisher (112) 

2. Black and White Bird 

a) Size. Mynah 
Bill: Blackish 

Body: Patches of black and white 
—Pied Kingfisher (111) 

b) Size: Hen- 
Bill; Yellow 

Chest and Belly. White 
Back and Head: Black 
—Night Heron (211) 

d. Wading Near Edge of Water 

1. White Bird 

Size; Hen 
Body: White 
Leg: Black 

Bill: Yellow 
—Little Egret (206) 

2. White and Black Bud 
a) Size: Mynah+ 

Legs: Long’and Pink 
Beak: Black 

Breast. White and black 
—Black Winged Stilt (185) 

3. Olive Green and White Bird 
a) Size: Mynah—■ 


Upper part. Olive green 
Lower part: White 
Legs: Green 

—Common Sand Piper (190) 
b) Size: Mynah-h 
Beak: Pink 
Upper part. Grey 
Lower part. White 
Legs: Red 
—Red Shank (189) 

e. Wading in Interior of Lake 

1. White Bird 

Legs'. Pink 

a) Size.- Vulture + 

Beak: Pink 
Wing tip: Pink 
—Flamingo (213) 

b) Size : Vulture-f 
Beak : Yellow 

Wings : Streaks of white, 
black and Pink 
—Painted Stork (203) 

Legs; Black 

a) Size; Hen-|- 
Neck: Black 

Beak: Black, long, slender and 
curved down 
— White Ibis (197) 

b) Size : Vulture 
Tail ; Black 

Beak : Gap between 2 beaks 
-Penbilled Stork (201) 

c) Size ; Vulture-j- 
Tail : Black 
Beak : Red 

—White Stork (199) 

2. Black and White Bird 

a) Size ; Vulture+ 

Legs : Pink 
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Body : Black 
Neck ; White 

^White Necked Stork {200) 
b\ Wing and Tail : Black 
Neck and Head : Black 
Back and Base : White 
—Black Necked Stork {202) 


3 Grey Bird 

a) Size : Vulture+ + 

Top of Head : Red 
Body Grey 
Live in Pairs 
—Saras {173) 

b) Size • Vulture- 
Bash : Ash giey 
Neck : White 
Belly : White 
Beak : Yellow 

Neck. Long and bent in form ot b 
—Giey Heron {205) 

4. Black Bird 

Size ; Vultuie— 

Body ; Black 
Beak ' Black and long, 
slender and curved down 
—Black Ihis {108) 

5. Brown Bird 

al Size : Vulture+ + 

Neck and Head ; Naked and red 
Back and Belly ; Dirty white 
Beak : Enormous and yellow, 
reddish pouch hanging from neck 
—Adjutant Stork {201) 

f. Birds Swimming in Wetter 
(Other than Ducks) 

1. Black Bird 

Size Hen 

a) Forehead : With whitish patch 
—Cool {169) 


b) Forehead ; With red patch 
Tail: Flickers 
—Indian Moorhen {167) 

2. White and Black Bird 

Size : Hen— 

Back ; Dark 

Under parts ; Whitish 

—White-breasted Waterhen 

3. White Bird 

Size ; Vulture4- 

Long pouch between mandibles 

—-Pelican {193) 

4. Brown Bird 

Size ; Mynah+ 

Body ; Chocolate brown 
Tail: Long, arched 
—-Jcicana {120) 

5. Purple Bird 

Size : Hen 
Tail : Flickers 
—Purple Moorhen {165) 

g. Ducks 

1. Black and White Bird 

a) Comb-like structure on beak 

Back : Black 
Neck : Mottled white 
Belly : White 
—Comb Duck {214) 

b) Head ; Chestnut coloured 
Bill : Crimson 

Breast : Black 

Body ; White and Brown 

—pedcrested Pochard {253) 

c) Tufifeathers attack of head 

Body : Black 
Belly : White 
—Tufted Pochard {209) 
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2. Black Bird 

Size ; Mynah+ 

Actively swimming and diving 
—Babchick [224) 

3. Brownish Bird 

a) Head : Pink 

—Bink Headed Duck (254) 

b) Head : Green 
Neck : Green 
Breast: White 
Belly ; Brown 
Tail : Green 
—Shoveller (222) 

c) Head : Green 
Neck ; Green 
Beak : Yellow 

Neck ; With white ring 
Wing : Violet patch 
Tail : Black 
—Mallard (252) 


d) Body : Orange brown 
Tail . Blue 

Head : Light orange 
Brahminy Duck (217) 

e) Tail : Black 

Wing : White patch 
-Gadwall (252) 

4. Greyish Bird 

a) Tail : Pointed, long, thin 
Tail : Black 

Head : Brow 
-Pintail (220) 

b) Two prominent black bais s 
back of head 

Tail : Black 

—Bartheaded Goose (216) 

c) Bill tip ‘ Yellow spot 
Wing : Greenish patch 
Body ; Brownish spots 
—Spotbill (221) 

d) Head ; Chestnut and brown 
—-Common Teal (219) 




The History of Science 
in the Seventies 

Roy M. Macleod 
The Uiitveeiily of Sutsex 

IVlihin ilie lint few yew t the stalely (liscipliiie of 
the history of science has undergone lapul funda¬ 
mental changes The full impact of these changes 
will not be evident for at least another academic 
genetalion, they ate, in soma lespecls, iinie- 
cogiiised even by practitioncis today. Tut im¬ 
mediate or delayed, clearly seen or merely sensed 
the traditional view of isolated schalais devoting 
their lives to the gi eat ideas of "intellectual hei oes" 
who file through the ages in apostolic succession, 
from Aristotle to Eln.itein, is no longer the com¬ 
manding image of the ptofe.sstan. 

T his is not to say that great figures 
and great ideas in science have dimi¬ 
nished unportance. Rather, there has been 
more a shift in emphasis, one of the most 
Visible forms of which has been the rapid 
rise of scholarly interest in the so-called 
“external factors” associated with scientific 
growth. Ideas or inventions are no longer 
being seen as much in isolation as they 
were, but are being stressed within the 
social, economic, religious and political 
dimensions of scientific and technological 
culture and against the impact of science 
upon everyday life and leisure. Indeed, 
there are those who would see in this shift 


of emphasis a necessary phase in^the deve¬ 
lopment of scholar.sliip, which is acquiring 
a “new relevauce” of even gieatcr signi¬ 
ficance than the “new humanism” voiced 
by George Sarton in the 1939’s and by 
James Conaiit at Haivaid aftei the last 
war. With this phase has come a new 
sense of exploiation, and a questioning 
sense of urgency. 

Perhaps three paiticularly noticeable 
factors have contributed to this develop¬ 
ment. One is the simple factor of size. 
In 1950 there were only five professional 
historians of science in North America, 
and only a few schools—notably Harvard, 
Wisconsin and Cornell—^which offered 
graduate work leading to the doctorate 
Today, only twenty years later, there are 
at least 300 full-time professional members 
of the history of science and technology in 
North America, not counting 100-150 others 
who specialise in the philosophy of science 
or the history of medicine. The History 
of Science Society m America has today 
about 600 members and even the British 
Society of the History of Science has 
nearly 400. In this country, from early 
beginmngs of University College, London, 
in 1925, the history of science is now taught 
at over 11 different universities and 30 
technical colleges. Not all of these have 
professional historians of science, but all 
do contribute a growing pressure for 
greater definition of the profession’s ob¬ 
jectives and obligations, With growing 
numbers has come a greater sense of cor¬ 
porate purpose. Professor I.B. Cohen of 
Harvard, doyen of many hVing American 
historians of science was recently quoted 
in the New York Times as saying:. 

“For a long time we worked very hard 
at the concept of a service profession to 
know how useful we were to other fields, 
but now there are enough members so that 
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we can also speak to ourselves for our¬ 
selves ” 

Growth in professional numbers has 
also made room for those who are interested 
in alternatives to the dominant interpreta¬ 
tive modes of the past 20 years which have 
been largely guided by the vastly influenced 
and intellectually elegent “conceptual ana¬ 
lyses” of Alexandre Koyre. In looking 
beyond Koyre’s highly rationalistic view of 
history there has been growing interest in 
the evolution of science as a social system 
and with the relationship of science to its 
surrounding intellectual and social “environ¬ 
ment”. This IS by no means a totally new 
phenomenon. Scholars since the thiities 
have been familiar with the social inter¬ 
pretations of science made famous by J,D 
Bernal and J B.S Haldane. At the time, 
much of this work was dominated by strong 
ideological views, which perhaps denied the 
subject wide scholarly acceptance, particu¬ 
larly in America. But in the wake of the 
last war and the birth of the Atomic Age, 
a more general human awakening momen¬ 
tarily raised the subject above the turmoil 
of conflieting ideologies. In 1948 the 
Director General of UNESCO asked the 
new Commission for the History of the 
Social Relations of Science to study 
“the problems arising from the inter¬ 
relations of science and society in the 
modern world and to. ..illustrate the 
way in which historical studies can help 
in the sohition of these problems.” 

But the scholarly response to UNESCO’s 
mandate was disappointingly slight. Very 
few professional historians of science in 
the 1950’s turned to the “social dimension 
of science” as an area worth cultivating for 
its own sake. 

This picture, however, is at last chang¬ 
ing. In a survey of members undertaken 
by the American History of Science Society 


in 1968, over 100 scholars indicated a 
strong interest in the “social relations of 
science”. No comparable survey has been 
done in Britain, but it is perhaps significant 
that of the seven short papers given to 
the most recent annual meeting of the British 
Society for the History of Science at Leices¬ 
ter last July, at least four were concerned 
with the institutional and social influences of 
science or with the influence of communica¬ 
tion and publishing in scientific activity. 

Broadly speaking, this interest in the 
social studies of science has only been the 
most visible part of a much larger pheno¬ 
mena. The quest for alternatives has also 
become apparent in radically new conceptual 
syntheses and in the discovery of new forms 
of evidence. The “newer” history of 
science is greatly indebted to Thomas Kuhn 
of Princeton, who has dealt with great 
elegance upon the nature and dynamics of 
scientific revolutions, which he describes 
m terms of “gestalt shifts” between 
“paradigms”. “Paradigms”, m his usage, 
define the “normal science” which most 
scientists in a given area daily pursue; when 
the empirical evidence of our senses, or 
wavering commitment on intellectual 
grounds begins to erode the foundations of 
a paradigm the way is made for such intel¬ 
lectual catacysms in the firmament of science 
that we call them “revolutionary”. Such 
was the replacement of the Ptolemaic 
umverse by the Copernican and the Newto¬ 
nian by the Einsteiman, so too was the 
Darwin “revolution” and the Freudian. 
There can be no doubt of Kuhn’s influence, 
not only on the history of science, but on 
the academic community at large and the 
debate has produced promising signs of 
a general historigraphical awakening. 
While the atmosphere remains charged 
with controversy among philosophers about 
the nature of scientific method, while critics 
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of the “falsificationist” school of Professoi 
Sir Karl Popper flourish the work of Kuhn 
and while Kuhn’s critics lake sides against 
both, historians have been obliged to 
explore the ramifications of this concept 
for the sociology of knowledge and the 
development of the scientific coinmunity. 
Some have projected a new sociological 
and cultural ‘relativism’ as a means of 
assisting the historical treatment of scientific 
ideas, a relativism derived from the nature 
ofmutually-serviceable “knowledge claims” 
and overlapping paradigms. The much 
Vaunted “objectivity" of science is being 
held to close scrutiny, while the role of 
intellectual fashion, the scientist’s audience 
and his style of presentation, are seen to 
contribute significantly to what wc really 
mean by scientific method. Increasingly, 
the respective roles of “justification” and 
“consensus" in a field and the impact of 
both on the generation of new ideas is being 
better understood by the processes through 
which knowledge is made “public”. There 
IS no doubt that whether in terms of every¬ 
day science or dramatic changes, studies 
of the social process by which new em¬ 
pirical knowledge or theoretical under¬ 
standing can emerge have reached a new 
pinnacle of importance. 

Much, however, remains to be done 
historiographically to qualify or refine 
broadly based methods of interpretation. 
Indeed, even if we have an acceptable view 
of broad scientific change, we have yet to 
reason out those “genetic” and environ¬ 
mental factors which have induced change 
in the evolution and diffusion of new and 
others to be suppressed beyond recall. 
However, the Very dominance of “normal 
science” in nuclear energy or molecular 
biology, when translated into human terms, 
challenges the historian to explore inter¬ 
actions between the world of ideas and the 


everyday world of political and social events 
There can also be no mistaking Kuhn’s 
juxtaposition of political terms with his 
description of scientific change. Just as 
the Industrial Revolution deiived its name 
from the .social revolution in France, so it 
i.s not wholly improper for .science, ex¬ 
periencing vast upheavals, to be intei- 
preted in similar fashion. But the associa¬ 
tion is not merely terminological. The 
possibility that scientific change and social 
change are far from accidentally associated 
has also prompted many to ask whether 
factors resisting change in an intellectual 
sphere are dissimilar from factors resisting 
change in society. It is true that political 
events of the 1960’s coupled with greater 
public awareness of the “environmental 
revolution” and the seemingly uncontroll¬ 
able devastation of technological “progress" 
have particularly impressed many young 
scholars—^I'egardless of discipline. His¬ 
torians of science have not been immujjs 
to this influence. Indeed, historians of 
science and technology havq sometimes 
sensed a special responsibility' to explain 
historical events in such a way as to throw 
light on imminent issues of today Un¬ 
doubtedly this pnse de conscience which 
swept large sections of the academic com¬ 
munity after the events of May 1968, has 
contributed to a greater application in the 
West of the scholar’s role in helping his 
society to comprehend the pact of science. 
There may be unlooked for dangers here, 
both because easily be dominated by the 
shibboleth of “relevance” and because the 
Jamesian “bitch goddess” of “contem¬ 
porary importance” can show precious 
little regard for intellectual rigour and the 
higher demands of reflective thought that 
distinguishes historians’ craftsmanship at its 
best. If historians of science become 
critically aware m ways that may influence 
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their choice of research, their conclusions, 
or the implications that can be drawn 
from their work, it is not too much to ask 
for efforts to ensure that social responsi¬ 
bility does not fall prey to an over-zealous 
historicism. Historians of science have 
here an important role to play within their 
own disciplines, by demonstrating that 
scholars can contribute to “relevant” studies 
of science and its social repercussions with¬ 
out being prodigal to their cultural and 
scholarly inheritance. 

Just as the prevailing social climate can 
influence the directions in which some 
scholars move, so economic and intellec¬ 
tual opportunities will help push develop¬ 
ments in the profession Employment 
patterns in the history of science, which 
have made dreary reading for decades, 
became much brighter towards the mid-60’s, 
and for those wishing to look beyond 
narrow limits, the demand is still great 
This is happening in part because of the 
needs of Liberal Studies courses in poly¬ 
technics; in part because of the several 
“Science Studies Units” now in existence; 
and in part because of the increasing ofiicial 
use of historians of science. The “newer 
historiography” seen both in conceptual 
and empirical terras, is already being 
promoted by new journals and by new 
graduate courses. But there are important 
conditions to fulfil if the profession will 
flourish. The history of science must, for 
example, draw closer to the study of general 
history, and not lose sight of the place of 
social, economic and institutional develop¬ 
ments which have influenced ways in which 
science and technology have been received 
In some ways a link is already being 
forged with science can only benefit from 
this association For example, one of the 
earliest and most notable conttibutions 
to the social study of science was the work 


of R.K. Merton, the American sociologist 
whose Science, Technology and Society in 
17th Century England, first published in 1933 
called upon Weber’s hypothesis of a duving 
“protestant ethic” and the selective in¬ 
fluence of economic demands to help ex¬ 
plain the circumstances surrounding the 
Scientific Revolution. Although this work 
masked certain fundamental oversimplifi¬ 
cations, it has stimulated sociologists and 
historians to come to grips with larger 
historiographical issues. Moreover, the 
work of Merton in the 40’s amplified in the 
late 50’s and early 60’s by Bernard Barber 
and a small school of interested sociologists 
at Columbia, has generated much interest 
in the conduct of scientists in establishing 
communication patterns, and m seeking 
rewards. To this analysis, the history of 
science can make its own contribution 
It is generally believed, for example, that 
current “sociology of science” has pre¬ 
dicated many of its conclusions on ideal- 
typologies that may be said to constitute 
the value system of recent Western science. 
This preoccupation, however, has sometimes 
led to the neglect of factors which illustrate 
radical changes in the character of science 
over different periods of time and across 
different cultural boundaries There is 
some distance to go before “scientific norms” 
can be wielded mterpretatively by histo¬ 
rians, but as and when historians 
and sociologists join forces, it will become 
possible to draw fresh inferences about 
such phenomena as the role and impact 
of scientific publishing, the determinants 
of intellectual mobility and the effects of 
economic incentives on particular innova¬ 
tions, instruments and schools of thought. 
Of course, this cross-disciplinary impulse 
will not achieve its potential effect unless 
historians of science generally become 
more tolerant of alternative methods and 
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approaches to the study of science 
Because science has both an autonomous 
intelJectual character, and a broad set of 
social relationships, there can natiiially be 
dramatic differences in motivation and 
object; this has given use to the so-called 
distinction between "internal” history of 
science and “external” histoiy of science 
However, this expression, which has become 
almost a cliche within the profession, has the 
air of an easy conundium more impressive 
in appearance than in reality There will 
remain a fundamental distinction between 
analytic philosophical study of ideal metho¬ 
dology and the study of essential ideas 
events and men, and a distinction based on 
this principle will undoubtedly persist bet¬ 
ween philosophers of science and historians 
ofsoience. But within history itself, alterna¬ 
tive historiographies will develop, stiengthc- 
ned not only by an enriched sense of context 
but also modified by discoveries m linguistics 
and social psychology. Other historio¬ 
graphies will probably follow in the wake 
of efforts to encourage scientihe activity in 
“Third World” cultures, where the linguistic 
and psychological forces contributing to 
the dynamic, competitive, yet cooidinaliVc 
instincts seemingly inherent in research are 
explicitly absent It is not Visibly clear 
whether developing countnes, confronted 
by social, economic and technological needs 
Vastly different from many of those familiar 
to Europe, need necessarily undergo the 
same experiences of scientific development 
that Europe has undergone; indeed, this 
probably cannot bo the case, if only because 
"new” countries are hurting into the scientific 
league” with such speed that the historical 
sequence of Western scientific change has 
little relevance to them. The study of 
scientific change m cultures which until 
recently lacked the economic, social, urban 
and industrial culture we associate with 


scientific development, undoubtedly holds 
in store some of the nchest tieasmes of 
evidence the future historian of science 
can hope to find. Finally, cross-disciplinary 
work will enable the historian to explore, 
with much greater precision, the dynamic 
relationships existing between research and 
development. The common place occur¬ 
rence of technological, economic pay off 
has prompted lengthy enquiries into these 
relationships and considerations about 
"environmental” policy and the “quality 
of life” will doubtless bring them even 
greater piominence. The broad macrocos- 
mic descriptions generated in the 20’s and 
30’s and still heard today, are giving way 
on several fronts to carefully constructed 
empirical analyses of particular cases of 
development. With moie case studies at 
hand it may be possible, for example, to 
draw generalisations for industries winch 
weic endowed with science from the begin¬ 
ning 01 which added science to a legacy of 
craftbased tradition. Growing economic 
interest in showing what linkages do in fact 
occur over different intervals has already at¬ 
tracted the Department of Defence, through 
“Project Hindsight” and the National 
Science Foundation, through "Project 
TRACES”. Recent micro-economic analy¬ 
ses of different science-based industries are 
beginning to show what factors, implicit in 
a particular industry’s development, militate 
against rapid innovation, or make the diffe¬ 
rence between “success” and “failure” in 
the world market place. The historian of 
science has hero the notable challenge of 
pursuing his knowledge of science through 
all steps in the process of innovation. 

Either way, the dimension added by 
scientific knowledge to the industrial deve¬ 
lopment of new corporate structures, mana¬ 
gement techniques, an educated workforce 
and other phenomena Visibly enriching and 
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troubling our technological society, will 
give the histoiian of science much more 
freedom of choice and manoeuvre 
than he has hitherto recognised. Indeed, 
without diminishing the philosophy of 
science, the history of particular sciences 
or the history of invention, careful choice 
of alternatives may find the social charac¬ 
teristics of science and technology and the 
social roles of scientists and their 
institutions blended in a broader concep¬ 
tual context which will help us do our 
only real job—to “make sense of the past”. 

Deadly Venom from 

Mini-Octopus 

HE venom secreted by the salivary 
glands of the tiny but deadly blue- 
ringed octopus (Hapalochctena maculosa) 
is probably more toxic than that of even 
the most dangerous snakes and spiders. 

A team of neuro-physiologists led by 
Dr Peter Gage is studying the toxin of this 
mini-octopus and its effects on the human 
nervous system at the University of New 
South Wales. The poison was found to 
have highly unusual characteristics and 
differs fiom all other known poisons, Its 
unusually low molecular weight has so 
far prevented the preparation of an anti- 
venene by ordinary methods. 

Nevertheless, the Australian neuro-phy¬ 
siologists have deduced from their research 
that people bitten by this small creature 
would stand a better chance of survival if 
they were immediately placed under sedation 
or even anaesthetised. This is because the 
neuromusculai functions threatened by the 
venom block faster if the nerves of the 
body are repeatedly activated as they are 
when die victim is fully conscious and 
moving about Under sedation, the full 
effect of the venom would be delayed suffi¬ 


ciently for the poison to be diluted to a 
level that would not endanger life. 

The blue-ringed octopus has already 
caused a number of deaths around the 
Australian coast. Victims are attracted 
by the colourful little creatuie and pick it 
up in their hands for a closer look Most 
people are not aware of having been 
bitten. However, within a few minutes 
they feel a tingling sensation around the 
mouth. Numbness then develops about 
the face and neck and breathing becomes 
difficult Death follows paralysis caused 
by blockade of neive impulses 

Although this research may well lead 
to the discovery of an antidote to the venom 
of the blue-ringed octopus, Dr. Gage and 
his colleagues believe that other long-term 
possibilities are of even greater importance 
The effects of this unique toxin on trans¬ 
mission of messages along nerves suggest 
that knowledge of its chemical structure 
may provide a lead for the production of 
a new class of anaesthetics Attempts are 
being made to determine its structure, and 
it is hoped that it may ultimately be syn¬ 
thesised in the laboratory 

The researchers are now studying certain 
effects of the venom on the giant nerves of 
the squid. At present they are finding 
plenty of the deadly octopuses in tidal 
rock pools, under rock ledges, and ome- 
times even in abandoned shells on the 
coastline around Sydney. 

The blue-ringed octopus is also found 
in the Indian Ocean, Ceylon, and Japan. 

Courtesy ■ A.ustraUan Information Service 

Science Looks at the Buffalo 

Throughout the world the water buffalo 
(Bubalus bubalus) has been thoroughly 
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doHiesticated, Only m Australia, on the 
coastal plains of the Northern Territory, 
call large colonies of feral buffalo be found 
and the social behaviour of the species in 
its wild state be studied. 

Pjeliminary observations on the natural 
behaviour of buffaloes conducted by a biolo¬ 
gist, Mr D.G. Tulloch, of the Animal 
Industry and Agriculture Branch of the 
Northern Territory Administration, Darwin, 
have shown that many popular notions 
about these beasts are erroneous. Thus, 
it now appears that contrary to widespread 
opinion, the buffalo lends itself to domes¬ 
tication even more than cattle. 

They are innately placid in temperament, 
only becoming nervous in the presence of 
strangers and distraught when removed 
from familiar siirioundmgs. Their homely 
instincts were demonstiated by enclosing 
a wild herd in a paddock. After only a 
few weeks during which they were handled 
by only one person they became quite placid 
in his presence, but reverted to aggressive 
behaviour when strangers appeared. More¬ 
over, they would not leave the area when 
jiVen their freedom and encouraged to 
nove away. 

Observations on wild, marked animals 
lave shown that family groups form and 
idopt a locality as their home range winch 
hey are very loath to leave. This strong 
erritorial instinct and reluctance to move 
i so great that it sometimes has disastrous 
onsequences. For instance, buffaloes on 
be coastal plains often perish needlessly 
idler than move a few miles when the 
:ed or water within the self-imposed 
oundary of a group run out. This atti- 
ide IS stronger among the females than 
le males. 

In their social activities wild buffalo 
diibit behaviour patterns very much like 
lose of the red deer (Cervus elaphus) and 


the Soay sheep of Huta. When domesti¬ 
cated, adult males and females will tolerate 
each othei’s company thioughout the year 
and live contentedly in mixed herds 
However, in the wild state, the females 
form small groups with their calves and 
the immature males, and will only accept 
adult bulls during a breeding season. The 
mason for this extraoidinary behaviour 
is unknown because domesticated buffalo 
cows come into oestrus regularly and can 
conceive at any time throughout the year. 
Likewise under domestication the bulls 
can be sexually active all the year. 

Among the feral colonies in the Northern 
Territory the biceding season is confined 
to the wet season and sexual activity occurs 
most frequently during the early part of the 
wet. At this time, the bulls go to the 
cows even though they range superior 
grazing to that occupied by the cows 
Dominant bulls form harems and aggres¬ 
sively exclude bachelor bulls. Much fierce 
fighting ensues during this period whereas 
during the rest of the year the adult bulls 
live peacefully together in groups away 
flora the areas In fact, bulls attempting to 
join the cows out of the breeding season 
are Vigorously repelled. 

The world buffalo population piobably 
exceeds 100,000,000 scattered throughout 
some 20 countries. The Food and Agriculture 
Organisation of the United Nations is con¬ 
cerned that this vast herd, which is alrnost 
entirely closely husbanded, is not nearly as 
productive as it might be. Low fertility is one 
of the mam reasons for the poor harvest 
of animal products obtained from this 
species which science has largely neglected 
until lately. It is hoped that the Australian 
studies will throw some light on this and 
other aspects of buffalo husbandry. 

FAO research financed by Australia 
has already demonstrated that buffaloes 
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can utilise poorer quality feed than cattle. 
This accoids with local Australian obseiva- 
tions that during drought, when buffaloes 
and cattle aie grazing the same area, the 
cattle become emaciated and begin to die 
long before the buffaloes show signs of 
stress. Moreover, the amount of meat 
that can be out from a well-grown buffalo 
carcass is gieater than can be obtained from 
the best cattle. 

The buffalo is a profoundly important 
link in the agricultural economy of many 
countries with hundreds of millions of 
people depending upon it. Being the 
tractors of the East, they aie the mainstay 
of rice producing. Hence when a killing 
disease snch as renderpest or a crippling 
one, such as foot and mouth, strikes at 
sowing or harvesting time, crops are lost 
for lack of power. 

Australian scientists have become more 
concerned about disease control in buffaloes 
recently partly because if an exotic disease 
broke out among the feral herds it would 
spread to the highly susceptible cattle 
population causing incalculable losses. It 
was discovered about two years ago that a 
migratory bird from Asia visits Australian 
buffalo herds for part of each year. This 
bird is apparently like the rhinocerous bird 
m that it uses the buffalo as a means of 
obtaining appropriate food The risk in 
this intimate association is that the birds 
could carry disease from the buffaloes in 
Asia to those in Australia and hence to the 
cattle. 

Vaccines prepared to produce immu¬ 
nity against certain diseases in cattle are 
only partially effective m buffaloes, although 
these animals are even more susceptible to 
rinderpest, anthrax, haemorrhagic septi¬ 
cemia and foot and mouth disease than 
cattle. 

With science now taking a greater interest 


in buffaloes, hopefully, this important spe. 
cies will begin to make an even greater 
contribution to mankind Australia has 
already begun to domesticate and exploit 
Its 200,000 buffaloes but the piogramme is 
hampered by the lack of knowledge of the 
buffalo as a species and as a grazing animal 

How Nerves Make Muscles 
Contract and How the 
Nervous System 
Adjusts to Age 

John Newell 


The awarding of the 1970 Nobel ptize for medi¬ 
cine jointly to a British, Swedish and an American 
scientist for their woik on conduction in net m, 
highlights the lenewed inteiest and progress in 
neurology- The piize was shored between Sii 
Bernard Katz, Ulf Von Eulei and Julius Axelrod, 
for their woik on the way in which net veJ sdmii- 
late muscles into action The inipoi tance of the 
work IS not limited to this, it also helps to explain 
how messages are passed fiom one net ve cell to 
another — the basisfoi all mental activity 

O riginally it was thought that the 
signal which passes from a nerve to a 
muscle was electrical, but ovei the past few 
years it has become clear that, rather supri- 
singly, the signal is actually chemical Bet¬ 
ween them the Nobel prize winners have 
shown exactly what this chemical signal is 
and how it is sent When a message is 
sent from the brain down a nerve, a change 
takes place in the electrical properties of 
the membrane surrounding the nerve. This 
change, which runs down the whole length 
of the nerve, appears to be both electrical 
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and chemical. Bui where the nerve ends 
1,1 the so-called end plate, where it joins 
a muscle, the signal is translated into a 
chemical signal, m fact into the release of 
tiny quantities of acetylcholine which move 
across the gap between neivc and muscle 
and stimulate the muscle to contiact. 

Piofessor Katz’s contribution was to 
show that acetylcholine is only liberated in 
very precisely dehned and constant quanti¬ 
ties, which he nick-named quanta He and 
other scientists also showed how acetyl¬ 
choline IS stored in the ends of nerves, whde 
it awaits the stimulus requiied to send it 
across the gap to the muscle. The same 
quantum mechanism is used to carry ner¬ 
vous messages across the junction between 
two meassages acioss the junction between 
two nerve cells, in the biajn or elsewhere. 
The situation here is more complicated, 
acetylcholine is not the only transmitter 
substance involved and there are also in¬ 
hibitory compounds produced to cut down 
the case of transmission. But the same 
basic method of bridging the gap is used. 
This research is too new to have any appli¬ 
cation as yet However, scientists working 
in the field hope that eventually it will help 
doctors to find new ways to treat common 
forms of which are caused by a failure 
communication between nerves and muscles. 
Another scientist working on the trans¬ 
mission of messages fioirr nerves to muscles 
has very recently shown how the system 
adjusts to hriinan ageing. As we grow 
oldei, the number of the end plates connec¬ 
ting nerves and muscles increases. This is 
the discovery of Dr. Alan Tuffery, of Dur¬ 
ham University’s department of Zoology 
Until Dr, Tuffery developed new tech¬ 
niques for examining nerve end plates, 
doctors had believed that when a nerVe 
puts out new branches to join it to a muscle 
this was a symptom of some kind of ner¬ 
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vous disease Dr. Tuffery showed that this 
branching took place tlu’oughout the adult 
life of completely healthy animals and 
human beings. 

Dr. Tuffery believes that this iirciease 
in end plates compensates for the weakening 
of the neivous system with age. The conse¬ 
quent increased stimulus is irecessaiy as we 
get older, for three reasons. First, our 
body weight usually increases, so our muscles 
have to work harder all the time. Second, 
the signals sent down neives from the 
biain may become weaker with age. And 
thiid, some of our muscle fibies are conti¬ 
nually being lost and not replaced as we 
get older So our limbs have to work 
harder all the time and the only thing 
that will make them do so is a bigger sti¬ 
mulus from the neivous system 

One apparent erroi in this reasoning is 
that, by ordinary logic, it seems impossible 
to increase the stimulus given to a muscle 
by neive simply by multiplying the number 
of connections One would expect that 
the result would be to cut down the power of 
the original slimuhis as it was subdivided 
into smaller and smaller parts. However, 
this seems to be overcome by some mecha¬ 
nism still unknown, by which the impulse is 
doubled whenever a nerve divides. This 
means that the original stimulus is preserved 
and travels on down each branch. The 
effect of farther division m the nerve 
branches is to multiply the stimulus' 

From this research it may be possible 
to find ways of stimulating nerves to form 
new connections with muscles, to replace 
those lost with age or illness. The first step, 
however, is to understand how the nervous 
system peiforms the same tasks naturally. 
Dr Tuffery’s work should eventually have 
great significance for practical medicine. 

Reprinted from Spectrum, 80, 1971 




Improving Worh-Experience 
in Science 


W.P KurChania 

State Institute of Science Education 
Jabalpur 


T he nature of science today is 
perhaps more sharply revealed if we 
compare it with its earlier phases. The old 
philosophers were also systematic observers 
of natural phenomena. Unfortunately, the 
interpretations of nature stated by Plato, 
Aristotle and others were accepted un¬ 
conditionally in the middle ages as irre¬ 
futable laws. Science became merely an 
extended search for more absolute truths 
Once arrived at, such absolute truths were 
taken as statements from authority. This 


inhibited and even liteially blocked free 
and seal clung inquiry for centuries 

It was in the sixteenth century vvlicii 
Galileo departed with the authoritarian 
science and opened the gates to new experi¬ 
mentation Newton, Priestley, Darwin 
Macwel and many others followed deiivmg 
new laws that stood on a foundation of 
objective observation and analysis 

Nature of Laboratory Work 

Science education was influenced by 
the hciitage and laboratory work became 
merely exercises to verify laws and rules 
Also there are some who considei laboratory 
work as showing the practical side of science, 
divorced from and having less prestige than 
the theoretical part This approach helps 
to develop in students the sense of excite¬ 
ment that comes from discovery, from 
taking observations, forming new genera¬ 
lisation and perhaps a new theory. In fact, 
the laboratory provides the students with 
an understanding of procedures foi scienti¬ 
fic investigation, including control of cer¬ 
tain variables, careful observation and 
recording of data and the development of 
conclusions. The study of science through 
laboratory work serves two purposes: the 
student learns the concepts and facts of 
science itself and in addition learns how 
to grow in his knowledge and understanding 
of science. The laboratoiy experience in 
school, therefore, should be investigatory 
rather than just illustrative in nature. 

Objectives of Practical Work 

Science mainly deals with facts, their 
inter-relations and their applications. The 
objectives of teaching or learning science 
involve knowledge, its understanding and 
application; development of related skills 
and interest in the subject. Doing with 
one’s own hands leads to better under- 
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standing about the process and will enable 
students to apply them to other situations 
It naturally develops interest and apprecia¬ 
tion, The development of skills and other 
personality qualities such as regularity, 
systematisation, neatness, etc., are best 
achieved by the practical work done in the 
science laboratories These are various types 
of skills involving dissectional skill, collec¬ 
tion skill, obseivation skill, manupulative 
skill, etc. Besides these, laboratory experience 
can be useful in developing scientific atti¬ 
tude and investigatory approach m .solving 
problems. 

Organisation of Worlc-experience 

The work-experience m school science 
may be organised as (i) part of laboratory 
exercises and (ii) preparation of charts, 
models, specimens, etc., or solving investi¬ 
gatory projects in form of activities of 
science clubs. The laboratory exercises in 
the class should be put before the student as 
having an investigatory approach rather 
than having a confirmatory one. To take 
an example “Verification of Archimedes 
Principle” may be put somewhat like this: 
“To find out the difference in weight if a 
body is immersed m liquid,” Such an 
approach will not only motivate the students 
for continued learning, but it will give them 
substantial practices in the process of prob¬ 
lem solving 

Needless to say that improving work- 
experience in science needs a well-equipped 
laboratory. But more important than this 
is resourceful teacher who makes best use of 
the local resources and improvises appara¬ 
tus with their help, if need be. The labora¬ 
tory work should be spread throughout the 
session and need not be concentrated hur¬ 
riedly towards the end of the session. Simi¬ 
larly, science club activities should be 
evenly distributed throughout the school 


year and the pupils be given opportunities to 
work out m concrete form the ideas that 
strike them A proper record of the work 
done by the pupils should be kept. 

Practical Examinations in Science Subjects 

It i.s an admitted fact that all the orga¬ 
nisers and teachers get impetus and 
organise their work according to the system 
adopted by the board for examining the 
candidates. The way of practical examina¬ 
tions are planned and conducted by the 
examining agency is bound to affect instruc¬ 
tional practices in the schools and the work 
habits of pupils 

A critical analysis of practical examina¬ 
tion reveals a number of shortcomings. 
Poor sampling of skills, inadequate number 
of laboratory exercises, emphasis on 
knowledge of skills, disproportionate 
weightage to the various content areas, 
repetitive nature of exercises, inappro¬ 
priate directions, lack of uniform instruc¬ 
tions to the examiners, absence of detailed 
marking scheme, lack of systematic proce¬ 
dure of observation of skills, doubtful 
validity of viva-voce and independent assess¬ 
ment of sessional work are some of the 
glaring weaknesses of our practical exa¬ 
minations. 

With a view to improving practical 
examination, it is desirable that the broad 
objectives be clearly defined in terms of 
pupils’ behaviour m the syllabi of sciences 
Along with the list of the expriments to be 
performed the piocesses and products of 
performance to be emphasized may also be 
shown. In order to develop spirit of enquiry 
amongst the pupils, a few open-ended 
experiments may be included in the list 
of experiments Number of exercises with 
practical examinations should be in¬ 
creased with a view to having a good cover¬ 
age of skills and different content areas. 
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The examiners should be supplied with club activity be organised by the Principal 
detailed instiuctions for conducting ex- and the science staff in eveiy school Conti- 
anunation and check lists, rating scales, etc., nuotis evaluation of practical work would 

to keep up reliability, validity and provide the necessary motivation to pupils 

uniformity in the examination. to pay regiilai attention; thus impioving 

It js further emphasized that a legtilar their study habits, 
assessment of pupils’ work in the science 
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New Trends in Science Education 


summer science institutes. 1971 

( For School Teachers ) 


{Jointly sponsored by University Giants Commission, National Council for Science Education and 
National Council of Educational Research and Training) 


Diiector 

Location 

Region 

Duration 


Bioi-ogy 



Principal G Misia 

Gangadhai Mehai College, 
SambalpuL 

Orissa, West Bengal, 10 May- 

Assam, NEFA, Manipui, 19 June 
Tripura, Nagaland 

Prof' GP- Sharma 

Department of Zoology, Chandigarh, Punjab, 

Paiyab University, Chandigaih Haryana, Jammu & 

Kashmir, Himachal 
Pradesh, Delhi 

1 June- 
5 July 

Shn K K' Easwaran 

M.G M College, Udipi 

Mysore, Kerala 

3 May- 
13 June 

Dr, V. Haci Rao 

Dr. Ravi Piakash 

Jamal Mohamed College, 
Tiruchuapalli 

Holkar Science College, 
Indoie 

Andhra Pradesh 

Madhya Pradesh 
Rajasthan 

10 May- 
19 June 

7 May- 
18 June 

Dr D D Wani 

Prof. J J Shall 

M.E.S. College, Poona 

Department of Botany, 

Sardai Patel Univeisity, 
Vallabh Vidyanagav 

Maharashtia, Goa 

Gujarat 

28 April- 
7 June 

I May- 

II June 

Prof. P.J Sanjeeva Raj 

Madras Christian College, 
Madras 

Tamil Nadu, Pondi¬ 
cherry 

28 Apul- 
7 June 

Dr V P Agai wal 

D-A V. College, Muzaffarnagai Uttar Pradesh, Bihar 

17 May- 
27 June 

Shn R K Bharatiya 

Regional College of Educa- 
cation, Ajmer 

Teacher-Education 
(All India) 

20 May- 
28 June 


Chemistry 



Dr. P S. Radhakrishna- 
murti 

Dr N V. Kaibelkai 

Prof. SP Shaa- 
muganathan 

Khallikote College, Berham- 
pur 

Vidaibha Mahavidyalaya, 
Amravati 

Pachaiyappa’s College, 
Madras 

Orissa, West Bengal 

Maharashtra, Goa 

Tamil Nadu 

17 May- 
27 June 
3 May- 
12 June 
3 May- 
12 June 
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Diiector Location Region Duiation 


Shri B.S. Bahl 

D.A.V. College, Jullundur 

Punjab, Jammu&Kashmir 1 Junc- 
15 July 

Prof G.D. Tiwan 

V.S.S.D. College, Kanpur 

Delhi, Weslein 

Uttar Pradesh 

14 May- 
24 June 

Dr. S.G Harnmlkar 

Holkar Science College, 

Indore 

Madhya Piadesh 

17 May-’ 

28 June 

Dr. P K.'Taliikdar 

Cotton Cnllege, Gauhati 

Assam, KEFA, Naga¬ 
land, Manipur, Tnpuia 

31 May- 
10 July 

Dr R-N Kapoor 

Department of Chemistry, 
Jodhpur University, Jodhpiu 

Rajasthan 

10 May- 
19 June 

Prof. Thangammani Amina Government Victoria College, 
Palghat 

Kerala 

5 April- 
17 May 

Prof M N. Sastry 

Department of Chemistry, 
Andhra University, Waltaii 

Andhra Pradesh 

10 May- 
19 lutve 

Prof H.R Dave 

R.P T.P. Science College, 
Vallabh Vidyanagar 

Gujarat 

3 May- 
12 June 

Prof S.R Rao 

Regional College of Educa¬ 
tion, Mysore 

Mysore 

3 Mav- 
12 June 

Pi of. L R. Ganesan 

Madura College, Maduiai 

Tamil Nadu 

9 May- 
12 June 

Prof RD Singh 

St. Andrew’s College, 
Gorakhpur 

Eastern Uttar Piadesh 
Bihar 

17 May- 
27 June 

Prof. K.C. Malhotra 

Department of Chemistry, 
Himachal University, Simla 

Haryana, Himachal 
Piadesh, Chandigarh 

14 June- 
24 July 

Prof V K Phansalkar 

Department of Chemistiy, 
Poona University, Poona 

Mathematics 

In-service (week-end) 
teachers of schools in 
Poona 

1-7-71 
to 28-7-71 

Prof. S P. Nigam 

D.A V. College, Kanpur 

Uttar Pradesh 

25 May- 
5 July 

Prof. M R Pun 

Department of Mathematics, 
Jammu University, Jamnm 

Jammu & Kashmrr 

10 May- 
20 June 

Prof Augustin Konnully 

St. Alvert’s College, 
Einakulam 

Kerala 

26 April- 
20 June 


Dr M C Gupta 


Department of Mathematics, Rajasthan 
Maharaja’s College Campus, 

Jaipur 


16 May- 
19 June 
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Diiectoi 

Location 

Region 

Duration 

Prof. R.D Bhargava 

Depai tment of Mathematics, 
Indian Institute of Technology, 
Bombay 

Maharashti a, Goa 

3 May- 
12 June 

Prof. Naad Kishore 

Khallikoie College, Berhampur Orissa, West Bengal 

10 May- 
20 June 

Dr L Radhaknshaan 

Department of Mathematics, 
Shivaji Univeisity, Kolhapur 

Maharashtra 

6 May- 
16 June 

Principal C.L Arora 

D.A.V College, Amritsar 

Punjab 

24 May- 
3 July 

Shti K.N. Mehra 

M.G M. Engineering College, 
Jodhpui 

Rajasthan 

10 May- 
19 June 

Mr K Madhusudana Rao 

Hindu College, Machilipatnam 

Andhra Piadesh 

6 May- 
16 June 

Piof V Kushnainooithi 

Shu Pushpam College, Pond! 
(Thanjavui Distuct) 

Tamil Nadu 

3 May- 
12 June 

Dr. Hatswaiup Sharma 

Agra College, Agra 

Uttai Pradesh 

20 May- 
30 June 

Dr. C.B.L Veima 

Government College, 
Jagadalpur 

Madhya Pradesh 

10 May- 
19 June 

Principal N.R. Kulkarni 

R.K T. College, Ulhasnagar 

Maharashtia 

26 April- 
5 June 

Principal N D. DeSai 

R.P.T P. Science College, 
Vallabh Vidyanagar 

Gujarat 

3 May- 
12 June 

Di Avtar Singh 

Depai tment of Mathematics, 
Punjabi University, Patiala 

Punjab, Haryana, 
Himachal Piadesh, 
Chandigarh 

17 May- 
25 June 

Dr P C Vaidya 

Community Science Centre 
(C N. Vaidya Hostel), Guja¬ 
rat University, Ahmedabad 

Gujarat 

6 May- 
10 June 

Prof. D.V Koranne 

S B-E.S. Science College, 
Aurangabad 

Maharashtra 

3 May- 
12 June 

Prof. R.S Mishra 

Department of Mathematics, 
Banaras Hindu University, 
Varanasi 

Eastern Uttar Pradesh 

24 May- 
7 July 

Shn L.N. Chakiavarlhy 

Yuvaraja’s College, Mysore 

Mysore 

4 May- 
14 June 

Dr. K.S. Smha 

D.AV College, Dchradun 

Western Uttar Pradesh 

21 May- 
1 July 

Prof. A.C, Snvastava 

Department of Mathematics, 
Dibrugarh University, 
Dibrugaih 

Assam, NEFA, 
Manipur, Tripura, 
Nagaland, West Bengal 

13 June- 
17 July 
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Director 


Location 


Region Duiahon 


Prof B S Fadms 

Di V Veima 

Di. JN Kapooi 
Dr. D.K. Smha 


Prof. T B. Thomas 

Prof B S Sood 

Dr. R.R. Mehi'otra 
Dt. H Narasimliaiah 
Dr G A Savati Raj 

Puncipal S P Smha 

Prof. P S Vardachan 

Dr J.C. Palathingal 
Prof. P D Premaswarup 

Prof G. R Singhal 

Prof D.V. Badve 
Prof A R Patel 

Dr S.N. Dutta 


Department of Mathematics, Madhya Pradesh 10 May- 

Nagpur University, Nagpur J8 June 

National Defence Academy, Sainik Schools (All 7 June- 

Khaiakvasla, Poona India) 17 July 


Department of Mathematics, Cuniculrim Development 10 May- 
Meorut University, Meeiut in Mathematics Education 19 June 

(mathematics teachers of 
Training Collegcs^—-All 
India) 


Physics 


Union Christian College, 
Alwaye 

Kerala 

20 Apiil- 
29 May 

Department of Physics, 

Punjab, Himachal Pra- 

5 May- 

Punjabi University, Patiala 

desh, Plaiyana, Jamrrra & 10 June 
Kashmir, Chandigarh 

Digainbar Jam. College, 

Baraut (District Meerut) 

Uttai Piadesh, Bihai 

20 May- 
30 June 

National College, Bangaloie 

Mysoie 

3 May- 
10 June 

St. Joseph’s College, 
Tiiuchirapalli 

Tamil Nadu 

19 Apnl- 
29 May 

T.N College, Bhagalpur 

West Bengal, Assam, 
Manipur, Tiipuia, Naga¬ 
land, NEFA 

19 May- 
29 June 

Madura College, Madurai 

Tamil Nadu 

9 May- 
13 June 

Madras Chirstian College, 
Madras 

Tamil Nadu, Kerala 

20 April- 
1 June 

Andhra University Postgra¬ 
duate Centre, Guntur 

Andhra Pradesh, Orissa 

26 April- 
5 June 

Government Science College, 

Madhya Pradesh, 

17 May- 

Gwalior 

Rajasthan 

26 June 

Fergusson College, Poona 

Maharashtra, Goa 

26 April- 
5 June 

Department of Physics, 

Gujarat, Southern 

1 May- 

Saidar Patel University, 
Yallabli Vidyanagar 

Rajasthan 

11 June 

Regional College of 

T eaclier-Edu catio n 

17 May- 

Education, Ajmei 

(All India) 

11 June 



Some Thoughts on the 
Importance of Studying 
Environmental Sciences 


R. MiSRA 

Dean of the Faculty of Science 
Banal as Hindu Unherslly 


E ducation all over the world has 
endeavoured to improve the quality 
of human life. Generation, diffusion and 
application of knowledge have been the 
principal tools in renovating society. Such 
activities have brought us to the mo ern 
era of science and technology. 

The proliferation of our cultural and 
material requirements has resulted in t e 
accelerated exploitation, both in quantity 
and quality, of the natural resources. Many 
more things of our planet are being ime 
today than a few years before. T eir 
collection and processing lead to inevitable 
disturbance of the arrangements which 
were set by natural factors through t e 


millema. As coal and petroleum are being 
burnt, man is also producing many newer 
combinations of elements which m turn 
are changing the enviionment and thus 
impeiceptibly but definitely damaging our 

life support system 

It took nearly three and a half billion 
years for mother earth to prepare the stage 
L the arrml of nun. The ear y hos .le 
enviionment was gradnally tamed with the 
origin of life. The evolution of the green 
plant by its photosynthetic activity pro¬ 
duced oxygen of the air and channelled 
Lar energy through food for to ev^Uon 
Of other organisms. This was allowed by 
rapid diversification of organisms with the 
interplay of their genetic material and 
the environment. The flow of energy and 
recycling of minerals and water through 
Ae biological system created new ecosys- 
emrwith compatible organism-environ- 
ment complexes. Organic matter aceumu- 
lated in the form of coal an P 
leum leaving adequate balance of oxygen 

mtolir, T^ebtologiooloornmnnity^s m 

including the decomposer micro-orgr 
::^rmaintained an ideal environment for 

man to evolve and liVe in this wor _ 
we suddenly discover that increased human 
needs and a rising population are upsetting 
the plan of nature and the human specie 
s toUened with ertmctuh beoausv wv 
are dumping harmful substances in our 
“;i,„rvh. tot rend .0 desto, those 
supporting life. The currents m the air 
a?d the ocean circulate. The problem is 

**^*^l5eg?ation of knowledge derived from 
diffS fields of specialisation require 
^Lms analysis and constant 
Many of the universities m the western 
S have organised departments of natur 1 
resources and environmental sciences Presi 

policy statomcht of Jahoary 
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1970 and celebration of ‘earth day’ on 
April 22 in U S.A. have emphasised the 
impoitance of snch studies The UNESCO 
seminar and symposia held on “Man and 
Biosphere” m 1969, the International Bio¬ 
logical Programme, 1967-72, the impend¬ 
ing inter-governmental meetings of the 
UNO at Stolkholm in 1972, the activities 
of the International Union of Nature Con¬ 
servation and Natural Resources, etc., all 
lay special emphasis on the need to educate 
our race in the importance and study of 
environmental sciences. The preamble of 
the second chapter of our fourth Five-Year 
Plan gives a long-term perspective on the 
quality of environment, 

The science of biology in relation to the 
environment or ecology is a complex study 
demanding knowledge of several disciplines. 
Very few universities in India are involved 
in ecological studies and the teaching of the 
subject is done superficially in some as 
part of a botany or zoology course Since 
ecology cannot be pursued through the 
traditional universities courses it is time 
that our universities plan to organise inter¬ 
departmental institutes of ecology so that 
both resources and expertise may be fully 
utilised. Multidisciplinary courses would 
involre cenain aspects of biology, forestry, 
agriculture, soil science, public health, sani¬ 
tation, meteorology, climatology and geo¬ 
graphy, etc. A course in Resources Ecology 
is presently being given at Banaras Hindu 
University with the cooperation of five 
different departments. 

More or less a degree course on environ¬ 
mental science should take into account the 
following core themes: 

Associated evolution of life and environ-- 
ment; evolution of man and his culture and 
his impact on renewable (biological) and 
non-renewable (physical) resources; basic 
-principles of ecology including population 


ecology and succession; flow of energy 
and cycling of minerals m the ecosystem' 
principles of pioduction ecology; conserva¬ 
tion vs. maintenance of environment' 
soil, water and air as natural resources being 
conditioned by vegetation and animals 
and polluted by technological activities of 
man; technology of purification of environ¬ 
ment; the problems of urban and rural 
life; the problems of population explosion 
vs. green revolution in the context of 
environmental changes, human ecology and 
sociology 

The emphasis on certain topics or their 
further elaboration will naturaly depend 
upon the fields of specialisation of the 
teachers and resources at their command. 


IVe and Our Environment 

O NE of the main aims of che Inter¬ 
national Nature Conservation Year, 
was repeatedly to attract the attention of 
the youth to the dangers of neglecting the 
environment. 

In line with this principle, the 
Hague Museum for Education has set up 
an exhibition “We and our environment”. 

Much thought has been given to air and 
water pollution, soil erosion, changes in 
landscape and the influence of pesticides. 
The effect of exhaust gases on birds, crops 
and trees has been attractively displayed. 

A series of demographic maps, which 
can be activated by push buttons, show the 
growth of the population and the urban 
expansion since 1950. All models are 
mobile. 

One of the most impressive parts is a 
woodland, as fresh and beautiful as the 

Reprinted from The Netherlands 
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■ . , <.,^iincr A collection 

Dutch country SI en ^^1^ 

birds earning man, woman 

‘"g ,r riothing radical is done to 

“•frroirr^'— 

.t— 

“‘7'V ,„d .hey W,U eoo.. join the 

*‘Sio, .C hot S-.> » t“" 

°' Tfeeiitto.,.e,,ams 

The iiniseiim expects soin , 
and youth fioin many schools, p P 
uncles to follow suit 


Report on the First Asian 
Congress of Nutrition 
Hyderabad 

{Januaiy 28-February 2, 1971) 

rrm First Asian Congress of Nutrition 

had between 


AfnlianisUin 

Burma 

Cairibeaii 

Ceylon 

Egypt 

Finland 

India 

Indonesia 

Iran 

Israel 


Italy 

Japan 

Lebanon 

Nepal 

New Guinea 
Philippines 
Switzerland 
Thailand 

United Kingdom 

USA 

Yugoslavia 


IE First Asian congresa ■ 

was held at Hyderabad between 

28 January and 2 ^ ^ ' 

The Congress was sponsored by the Nutr 

n^nSocietyoflndiaandthelndianNationa 

Science Academy under auspices of the 
International Union of NiUritional Sc enc^s^ 
Dr. C, Gopalan, Diiecotor of the National 
Institute of Nutrition, Hyderabad was th 
President of the Congress and ^i. 

Boerma, Director-General, F.A » 

delivered the keynote addiess. . 

gress was attended by 181 regdar de egates 
and 61 student delegates. The follow g 
countries were represented. 


The mam theme of the Congress was 

,1 N'ltional Development . 
“Nutrition and Nationa 

The subjects discusse common 

coveicd a wide range of topics 

““Cuitr D«h,pmo..t ...d mn- 

1 vT^iiitmii Programmes for 

Ijonal Nced^ tion and Family Planning; 

Children; ° ,.„oicgy in Combating 

The Role of Malnutrition; 

Malnutrition; . . pood Con- 

Aspects of Vitamin ^ ^\spects of Protein, 
sumption Patterns, to Protein 

munications were Con- 

The scientihe 

gress had generated great i 

L pyy..»ip»® iXuhd 

specialists such as nu ^ ^,,1 scienUsts, 

public health woAeis, administrators, 

demographers, soc ’ jjae achieve- 

polioy-matos "h P ; a 

ments of tire Lcougi „,-nblems of mal- 
scientific ° ^ front of 

nutrition J ® an intergrated 

allied eradication of mal- 

approach tow d^^^ 

rS the bottlenecks m the nutritional 
llabihtation programmes cuirent 7 m^o^- 

'r."hurha=sCr:»Ua.i.sahU«l- 
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tion-oriented agricultural and food policy 
at a national level. 

According to almost all the delegates, 
the Congress was a great success from the 
organisational, academic and practical points 
of view. Some of the important nutri¬ 
tionists from the Asian region who attended 
the Congress were K. Mahadeva and C.C. 
De Silva (Ceylon), C.R Pascual (Philip¬ 
pines), Kamdhorn and A. Nondasuta 
(Thailand), Poorwo Soedarmo (Indonesia), 
N. Shimazono and T. Oisa (Japan). The 
other eminent nutrition scientists who parti¬ 
cipated in the Congress were H.N Munro, 


C. G. King, D.M. Hegsted, W.H. Sebrell 
P. Gyogry, N.S Scrimshaw, D.B. JelijffJ’ 
P. Rome G Arroyave, J.C Waterlow’ 

D. S. McLaren and K L. Blaxter 

At the concluding session of the six-dav 
Congress, it was decided to hold such a 
Congress once in three years A steeriug 
committee was constituted for the purpose 
and Dr C Gopalan was unanimously elec¬ 
ted as Chairman of the Steeimg Committee. 
It Was also decided to set up a permanent 
machinery to develop collaborative research 
programmes on problems of malnutrition 
common to the Asian region 




Haryana participated in the science fair 
held at the State Institute of Science, Har¬ 
yana, Karmil from 19 to 21 January 1971 
Dj.. n.C Gangoli, Professor and Head of 
Dairy Chemistry Department, National Dairy 
Research Institute, Karaal, mauguralcd the 
fan, and in his speech lie stressed that the 
students of our country aie as intelligent 
as children of any other part of the world 

but what they lacked was the proper en¬ 
vironment of growth as scientists It was 
therefore essential for the State Govern¬ 
ment to provide facilities for the purpose. H 

further appjceiatcd the initiative taken by 
the State Institute of Science, Haryana, 

Karnal foi providing facilities to 

scientists of tomorrow who showed then 
skills and abilities through their exhi 
in the science fair A team of emmen 

scientists drawn from the ^ 

and local colleges evaluated the exhibits 

In the evening of 19 ^ 

Science Declamation contest was held imder 
science i-’cwa rhanana. 


Science Club and Science Fair 
at State Level 

A network of science clubs has been 
spread all over Haryana. The science 
clubs are encouraging the students in im¬ 
proving apparatus, performing interesting 
experiments and practising .scientific hobbies 
besides preparation of albums and making 
collections of objects of scientific interest. 

To encouiage the young students to 
show and explain their exhibits to the 
public, science fairs were held at State level 
all over Haryaan from October to December 
1970, About 30 selected teams from all over 
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Students and Teaohei s Vist twg Science Fair 
Prjncipal, D,A V Gjrls Training College on 
the various topics of science. As many as 59 
speakers from different schools of Haryana 
participated, Prof M.K. Jam of National 
Dairy Research Institute, Prof. Rena of Dyal 
Singh College and Dr. Bhardwaj of Salinity 
Research Institute acted as judges 

Prize distribution function was held in 
the State Institute of Science, Haryana, 
Karnalinthe evening on 21 January 1971. 
Chaudhry Meru Singh, Education Minister, 
presided over the function. He praised 
the efforts put in by the students and their 
teachers in preparing their items He also 
praised the efforts put in by the State Insti¬ 
tute of Science in organising the fairs. He 
stressed on the need of science fairs and 
otlier similar activities for furthering the 
cause of science education in the State and 
promised all help from the State Govern¬ 
ment in this direction. He gave away the 
shields, prizes and merit certificates to 
winners in the science fair 

Science Club of State Institute of Science, 
Haryana, Karnal bagged the first prize in 
scientific hobbies 


Symposium on Tropical 


{14-21 January 1971) 

T he International Society for Tiopical 
Ecology, the International Associa¬ 
tion of Ecology and the Indian National 
Science Academy, jointly organized an 
international symposium, which was inaugu¬ 
rated by Professor B R Seshachar, Presi¬ 
dent, Indian National Science Academy, 
on 14 January 1971 m the Academy’s 
auditorium. About 50 foreign and Indian 
scientists attended the symposium and dis¬ 
cussed various implications and evalua¬ 
tions of organic production in the tropical 
world. Professor Frank B. Golley (U.S.A,), 
and Professor R Mishra (India) were the 
conveners of the symposium 

Wise management of resources and 
environment is very much dependent upon 
our understanding of the rate of produc¬ 
tion of plants and animals. The emphasis 
on the tropical world in this symposium 
assumes greater significance when 
we consider the diversity of flora and 
fauna, the richness of biological wealth on 
the one hand and the magnitude of popula¬ 
tion problems in the region on the other 
hand. It is hoped that information and 
ideas that would be pooled together will 
generate further imagination and wisdom 
towards survival and better life of man 
against accelerating technology. 

India IS busy fighting poverty and hunger 
brought about by the rising growth of 
population and maladjustment of cultural 
values. The deep-rooted traditions, saintly 
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. ' involvement in nature conserva- 

fast yielding place to increasing 
St amcd economy and surveillance 

an solrit which usually go with the 
ical revolution Like the West 
!t;talso worried about the deteriorating 
"nditions of environment and biologica 

t r purely technological solutions lead 

lin of new problems, in the long 
r°aiige, Solutions have to be sought out 
I after a careful examination of all the 
:* fot .nter».n8 fees of .nv„c..- 
meat and organisms 

The symposium opened introductory 
capers on organic productivity and environ¬ 
mental control. It was followed by papers 
on the evaluation of production m plants 


and animals in a variety of natural systems 
like grasslands, forests and freshwaters. 
Several research papers also emphasised 

crop ecosystems. , 

A special session presided over by Shri 
Pitamber Pant, Member (Prospective), 
Planning Commission, was devoted to dis¬ 
cussion on role of ecologists in the eco¬ 
nomic development of India. 

Along with the symposium, the Indian 
Regional Committee of the Education Com¬ 
mission of the International Union ot 

Conservation of Natuie and Natural Resour¬ 
ces was inaugurated on the same day. The 
Committee discussed and diew plans for 
introducing the concept of 
education at various levels m the coun ry. 






Physics: Part I and Part II 

Robert Resnick and David Halliday 
Wiley Eastern (Pvt) Ltd., New Delhi, 

1970 (Reprint), Price Rs. 13 50 each. 

^uR country needs a revolution in 
^ physics teaching, a revolution regarding 
both the content and the approach. What 
IS called “the explosion of scientific know¬ 
ledge” IS pouring in an ocean of facts on 
an unprecedented scale to be encompassed 
m our scheme of teaching. Teaching 
needs tuning and pruning to suit the needs 
of the times and the needs of the people. 
So it IS obvious we have to look for new 
approaches and new methods Of the 
various undergraduate textbooks in physics 
that have come in the field to cope up with 
this challenge, P/iyjicj by R Resnick and D. 
Halliday outweighs many m quality. This 


book IS especially suitable as a textbook 
in the fiist two years of the Physical Science 
and Engineering degree courses. 

In giving an integrated approach to the 
various concepts in physics and also to 
bring out the intei relations and interdepen¬ 
dence of the various disciplines, Feynman 
lectures have leached, perhaps, the most 
spectacular success. But I do have my 
reservations in using Feynman as a text¬ 
book especially in a country like India I 
rank Resnick and Flalliday as the next 
best book in physics doing ample justice 
to the above-mentioned aspect. It has 
taken special care to eliminate what we 
call ‘the dead weight’ in our conventional 
physics courses Wherevei theie is an 
opportunity the authors are particularly 
careful to choose situations from modern 
topics for problems illustrating principles 
and concepts dealt here This gives a 
chance for the students right from the early 
stages to have occasional glimpses of the 
advanced topics As a teacher I have seen 
the students feel delighted to have such 
examples. This makes them more equipped 
with the terms and methods of higher 
realms where they will have to dwell more 
deeply in future The ‘Examples’ in this 
book deserves special mention. They 
are short questions excellently designed to 
test the understanding in the subject. 

The supplementary topics give some 
important portions dealt in a greater depth, 
perhaps meant for those who are bit ahead 
of the common lot The diagrams and 
illustrations are very good from the instruc¬ 
tional point of view and they are attractive 
as well Use of vectors and calculus from 
the very beginning is something which the 
Indian universities are to welcome with 
grace Mathematics and Physics are to 
go hand in hand for steps higher, if we 
mean business. 
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Perhaps Mechanics and Electromag¬ 
netics occupy the pndc of place in this book 
But topics especially Polarisation and 
Diffraction are not up to that satisfaction. 
Chapters on Quantum Nature and Wave 
Nature of particles are well designed for a 
beginner 

Though it is essentially a textbook meant 
for the degree classes, it presents a correct 
perspective of physics for ail physics teachers. 
Where we are to stress and where wc are 
notto stress are clearly brought out. It is an 
excellent source book for the teachers of the 
high school classes Every school can go 
in for a few copies of this cheap edition 
and it will serve very useful for the moderni¬ 
sation of physics teaching 

T.N.R.K. Kurup 

The Psychology of Learning and Instruction: 
Educational Psychology 

John P Dececca 

Pi'entice Hall of India Piivate Ltd , New Delhi, 
1970, pp 800, Price Rs. 18.00. 

T his book, written in a lucid style which, 
as happens all too often, does not 
lead to any loss in scholarship, was first 
published in 1968, It is indeed a welcome 
addition to the Eastern Economy Editions. 

The book, addressed to the student 
teacher, was in its original edition part of an 
instructional package which included an 
Instructor's Manual and a Student Guide. 
The Eastern Economy Edition seems to 
have dropped the two adjuncts But, 
with its careful organisation of the text, 
systematic interrelating of topics, lists of 
instructional objectives for each chapter, 
and embedded questions with accompany¬ 
ing answers and explanations, the book in 
itself makes a complete instrument of 


instruction. Each part of the book (of 
which It has five in all) and each chapter 
under the five parts, starts with an intro¬ 
duction The introduction orients the 
student to the content of the part or 
the chaptei. The chapter introduction 
is followed by a list of instructional 
objectives which tell the student in 
advance what he should be able to do upon 
completing the chapter. At the end of 
each section under the chapter, he is asked 
to return to this list of objectives for check¬ 
ing up his performance against the objec¬ 
tives. Here also is an embedded question, 
usually in multiple-choice form, which 
helps him to assess his achievement An 
answer section at the end of the book gives 
the correct answer to the question and its 
defense. Finally, each chapter concludes 
with a summary and a list of suggested 
readings. The summary recapitulates the 
major points of the chapter and enables 
the student to review important conceptual 
relationships. The suggested readings are 
annotated and they include both elementary 
and advanced treatments of the topics 
so that further study in the area can be 
purposefully directed. It is not in many 
textbooks that we come across an orga¬ 
nisation of learning material that is equally 
conducive to seif-learning Not many in 
this country, anyway. 

The teaching model adopted, with modi¬ 
fications as the basis of the book, is the 
one propounded by Robert Glaser in 1962. 
The first chapter offers a competent though 
brief discussion of the model and compares 
it with some other models of teaching dealt 
with equally competently. These other 
models are: the Computer-based model, 
the John Carroll model, the Interaction 
model, the Socratic model and the Jesuit 
or Classical Humanist model (By the way, 
DeCecco calls, the last two historical models 
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as distinct from the first three which he 
designates as ‘psychological models’, One 
does not exactly see why, for, even the so- 
called historical models can be easily seen lo 
have a psychological basis) 

The broad division of the book corres¬ 
pond to the four components of the model— 
instructional objectives, entering behaviour, 
instructional procedures and perfoimance 
assessment—and the discussions under them 
centre around these components 

The explicit acceptance of Glaser’s model 
as the basic model saves the book from the 
criticism that one school of psychology of 
learning and instruction is projected as 
the whole of it, even as the Hormic 
school of psychology used to be projected as 
the whole of psychology m our teacher’s 
college, till quite recently. 

There are indeed no pretensions here. 
But, we should not foiget that in the 
field of educational psychology no con¬ 
sensual validity has been achieved so 
far and conflicting theories of teaching and 
learning do exist. Many teacher educa¬ 
tors might, therefore, feel that it was rather 
unfair not to give the student a chance to 
get familiar with at least the most important 
of these theories so that he could choose 
from among them and utilise the ones that 
met his purposes This is another way 
of saying that the stage of development of a 
discipline must find reflection iii a textbook 
meant to introduce the beginner into the 
field. This may at times prove confusing to 
the beginner but the alternative perhaps 
may have a more dangerous outcome, a 
one-sided and possibly distorted perspective 
on the field. But, this apart, it really looks 
odd that a book on educational psychology 
ignores for instance the Field Theories or 
Personality. 

This IS not to detract from the usefulness 
or the other merits of the book. Good 


books on educational psychology are rather 
hard to come by foi Indian students be¬ 
cause of then high cost Here is an excellent 
introducition to the field, more particulaily 
to the S-R school of it, at a price within the 
the reach of most students. Even advanced 
students will find the book useful with its 
thirty and odd pages of bibliogiaphy at the 
end and the annotated list of readings that 
follows each chapter Readeis of this 
journal may find the chapter on the new 
science and mathematics, problem solving, 
and educational technology of particular 
interest. 

M. Abu Baker 

Strategies in Science Education 
A.N. Bose, J. K. Sood and N. Vaidya (Eds.) 
Regional College of Education, Ajmer. 

fTihis IS a book primarily designed for 
science teachers in schools. It can 
legitimately be called the finished product 
of the two Method Masters’ Institutes at 
Bhubaneswar in 1968 and at Ajmer in 1969. 
The foreword of the book is written by an 
eminent science teacher educator Willard J. 
Jacobson of the Columbia University, U.S.A. 

Science education is a field where a good 
deal of serious thinking coupled with con¬ 
certed efforts and action in a big way is 
urgently needed m our country. It is true 
that the number of original work in India 
reflecting this need of rhe day is rather very 
discouraging. So I feel the editors and 
publishers of this book deserve special 
appreciation for their laudable efforts to 
bring forth this issue. 

The book is divided into three parts: 
1. Science Education, Basic Considera¬ 
tions, 2. Trends in Science Education and 
3. Science in the Classroom. In all there 
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, 15 essays with two sets of appendices 
” ^ c 1.V Mr Jacobson are the best 
Ce -ays of Mr. Vaidya 
rather' prosaic m piesentation. 
wdity m explanation preferably with 
examples rather than play with technical 

:.'wo.id ha,= I'lp''' 

Essays on Nuffield Project. U.S.S.R. bystem, 

Science Teaching m India, etc , appear to 
s lacking in depth and gravity. Giving a 
long list and that too defying distinction 
and clarity m most cases need not neces¬ 


sarily be impressive. The most glaring 
aspect while I was going thiough this booh 
was the innumerable mistakes, both in 
spelling and in construction! The language 
is also poor. 

But it gives a good deal of information 
needed by our science teachers. It is a 
good start in the right direction. I per¬ 
sonally feel it can be a useful addition to our 
school libraries. 

T.NRK. Kurup 
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Problems in Mathematics 

J N. Kapur 
Department of Mathematics 
Meerut University 
R.C. Sharma 
Deportment of Science Education 

NCERT 


SS56: (i) In a box there is a number 
of balls of c different colours. 
What IS the smallest number of 
balls for which we can say that, 
however the colours are distri¬ 
buted, there is at least one set 
of J balls of the same colour? 
Justify your statement, 

(ii) Further, if n>c, what is the 
smallest number of balls for 
which we can say that there are 
at least n sets, each set containing 
s balls of the one colour? (In 
forming these sets we do not 
require that sets be of different 
colours, e.g,, from Is balls colour¬ 
ed red we could form 2 sets.) 

SS57; (a) Provethatifnisapositive integer 
greater than 2 , the numbers 
2 "-l-l and 2 °-l are not both 
prime. 

(b) Prove that of the three positive 
integers a, 8 aand 8 a-t-I 
there is at least one which is not 
prime. 


SS58; All the odd integers, beginning 
with 1 , are written successively 
(that is 1 3 5 7 9 11 13 15 17 19 
21 ... .). 

Which digit occupies the 
100 , 000 th placed 

SS59: (i) If Sr denotes the sum of the rth 
powers of the numbers 1 , 2 , 3 , 

9, show by considering the 
sign of 

(l-hx)H(2-|-4x)a+(3+9x)a+ , 
4-(9-t-81x)3 that SsKSaS*. 

Give an outline proof also of the 
following • 

(n) 8^2 <9 S 4 ; 

(in) S„.-|-, 2 <S 2 ,„ S 
(iv) State and justify—in a few lines 
of discussion—more general 
results applicable to sets of 
numbers other than 1,2,. 9. 

SS60: Consider all points in the co¬ 

ordinate plane XOY whose co¬ 
ordinates are both positive inte¬ 
gers The sum x-t-y of the co¬ 
ordinates of such a point is 
called the index of the point. I 
write down the point ( 1 , 1 ) of 
index 2 , then the points ( 1 , 2 ) 

(2.1) of index 3 in ascending order 
of their first co-ordinates; then 
the points (1,3), (2,2), (3,1) of 
index 4 in ascending order of 
their first co-ordinates; and so 
on The result is: (1,1), (1,2), 

(2.1) , (1,3), (2,2), (3,1), (1,4), 
(2,3), (3,2), (4,1), (1,5),.... 

If (x,y) IS the nth point written down, 

find a formula for n in terms of x and y, 

Solutions to Problems in Mathematics 

SS 46: A die consists of a cube which has 
a different colour on each of its 6 
faces. 

(i) How many distinguishably 
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different kinds of d)ce can be 
made^ 

(ii) How many different ways are 
tlieie to make a pair of dicc^ 

Solution 

(i) Choose a specific colour, say 
A, and use it for the upper 
suiface of the die Choose 
any colour B for the lower 
suiface. There are five choices 
for B The cube may now be 
rotated so that same colour C 
IS facing us. Now the remain¬ 
ing sides arc fixed with respect 
to these three. We can dis¬ 
tribute the three remaining 
colours over these remaining 
three sides in L3 = 6 ways. 
Therefore there are a total of 
30 possibilities We can also 
obtain the result by consider¬ 
ing the rotation symmetries of 
the die. If there were no 
rotation degeneracies, we would 
have |_6 possibilities However 
there are six sides that can be 
chosen facing up and once 
such a choice is made, any one 
of the four sides may be taken 
as facing forward. This ex¬ 
hausts all degeneracies and 
gives L_6/C6x4)= 30 ways. In 
general, for a figure with N 
faces and painted with N diff¬ 
erent colours, the number of 
possibilities is L N/R, where R 
IS the number of discrete rota¬ 
tions which leave the figure 
invariant 

(ii) Here one must take account of 
the fact that the individual dice 
are indistinguishable. Thus if 
each die may be coloured in 


N diffeieiit ways, the number 
of distinguishable pairs of dice 
IS N CN-fl)/2 In our case 
N=30 and so the answer is 
(30 X 313/2=465. 

SS 47: Each face of a regular octahedron 
is to be given a diffeient colour. If 
eight diffeient colours aie available, 
how many distinguishable octahedra 
can be made? 

Solution 

The regular octahedron can be treated in 
the same way as the die in SS 46. 

The symmetry viewpoint is particularly 
useful. If we take one of the six corners 
pointing up, we get 6 possibilities; there 
IS still a four-fold rotational degeneracy 
giving 24 possibilities. Alternatively, if 
one of the eight sides is fixed in space, the 
octahedron will still entertain a three-fold 
rotational degeneracy. Either [way there 
arc 4 degenerate positions. We obtain 
therefoie L8/24 =l. 7/3 possibilities, 

Another way of counting requires more 
care. We draw the octahedron flattened; 



Fig 1 
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the dashed lines join when the figure is 
folded into 3 dimensions. Colour any 
surface with some colour (shaded in the 
figure) and face that side up. Now colour 
all surfaces but A, B, C. Because all other 
surfaces are uniquely specified with re¬ 
ference to these, the number of possibilities 
is 7.6.5.4 These are now only two in¬ 
dependent choices for A, B, C. For if a 
given colour is chosen for any of these, 
a rotation will bring these surfaces into one 
another. Thus, the first of the three to be 
filled gives no extra possibilities, while the 
remaining two leave 2 possibilities So the 
answer is 7.6.5.4.2= L7/3 as before 

SS48: A pentomino is a figure made of 
five squares placed so that each 
square has a side common with 
some other square, Two pento- 
minoes are congruent if one can be 
placed on the other so as to coin¬ 
cide with it Howjmany different 


(non-congruent) pentominoes are 
there ^ 

Solution 

There are twelve such petominoes 

[See Fig 2.) 

SS 49: Enumerate all non-congruent he- 
xommoes Shade consecutive squa¬ 
res in different shades and find how 
many of them contain equal number 
of different shaded squares and 
how many contain an unequal 
number^ 

Solution 

It is easily seen that 24 of these are odd 
hexommoes and contain 3 shaded squares 
and 11 of these are even hexommoes m 
which the number of shaded squares is 
2 or 4. (See Fig. 3) 

SS 50: Obtain all possible solid polymi- 
noes made from 4 cubes m such a 


(all five in one row) 


\ 


(four in one row) 


(three in one row) 






Fig. 2 



pROBLliMS IN MATHEMATICS 


wav that each cube touches one 

Jther along a 

solid pentommoes can be made 


Sohilion 

There are seven such which are 
m Fig. 4 on page 90. 


shown 


The total number of solid pentommoes 

is 29 ^ ^ . 

gg 51.1 Draw all possible pseudotetromi” 
noes, i e., figures formed of four 
squares each of each touches some 
other along an edge or at a vertex. 
{See Fig 5 on page 90) 



Fig. 3. 
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Fig. 4 


T ffl 



Fig. 6 
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Fig. 1 



SS 52: Draw all possible solid pseudotn- 
mones, i.e., figures formed of three 
cubes, each of which touches some 
other along a face or an edge or at 
a vertex. {See Fig 6) 


SS 53: Draw all possibleheptiamonds, i.e., 

' figures formed of seven equilateral 

triangles each of which touches some 

other along an edge. {See Fig 7) 
SS54 : Draw all possible figures formed of 
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five regular hexagons each touching 
some other along an edge. {See 
Fig 8 on page 91) 

SS 55: (i) Arrange 12 pentominoes into 
two 5x6 rectangles of 6 
pentominoes each. 

(ii) Arrange the 12 pentominoes in 
an 8 X 8 square pattern with 


a 4-square hole in the middle 
so that the pieces separate into 

2 congruent parts, each using 
6 of the pentominoes. 

(lii) Divide the 12 pentominoes into 

3 groups of 4 each. Find one 
20-square region that each of 
the three groups will cover. 


3 5 



^5 


4 


8 
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Fig. 9 








Unesco Asian Seminar and ICC 

Gmeral Assembly in New Delhi 

(December 1970) 


T WO important international gatherings were held in New Delhi m December 
1970, The Government of India played host to both these meets, and 
Dr. M.C. Pant on behalf of the nceut was the Liaison Officer. 

1, Unesco Regional Asian Seminar for Leaders of Youth Science Activities 
(14 to 18 December 1970) 

The theme of this seminar was “contribution of out-of-Scliool Science Edm 
cation to Development”. The Seminar was held under the auspices of Unesco 
and the ICC with headquarters at Brussels, Belgium, Sixteen delegates from 
11 countries of Asia attended this meeting. 

Dr G.A. Teterin on behalf of the Unesco, Mr. Francis Wattier on behalf of 
ICC and Prof A.M. Ghose on behalf of lAESA of India attended the' meeting 
besides the delegates. The Seminar was inaugurated by Sri S. Chakravarti, 
Secreta.ry,, Ministry of Education. 

Four themes were discussed: 

1. The place and role of out-of-school science education within the con¬ 
text of problems and needs of developing countries in Asia. 

2. Methods of oul-of-school'science education for urban youth. 

3. Methods of out-of-school science education for rural youth, 

4, The problems of regional and international cooperation. 

The problems and questions discussed concerned the science clubs, the 
science competitions and exhibitions, camps and excursions on out-of-school 
youth activities, the role of the press, radio, television, films, museums, public 
lectures on “Scientific information for the Youth”. Several delegates presented 
papers a few of which aie reproduced in this issue of School Science. 
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2. International Coordinating Committee for the premitation of Science and 
the Development of out-of-school Scmiific Activities 

(ICC General Assembly, New Delhi 18 22 December 1970) 

This important Assembly was held immediately following the Uiiesco Asian 
Seminar m order to enable all the delegates of the latter to participate, Thirty 
delegates from 23 countries participated in this Assembly 

These countries were; Argentina, Belgium, Brazil, Cambodia, Canada, 
Ceylon, Egypt, France, W. Germany, Hungary, India, Indonesia, Israel, Italy, 
Japan, Korea, Malaysia, Netherlaiid, Philippines, Sweden, Tunisia, Thailand 
and USSR. 

Besides the delegates, there were several observers The Iiiteniatioiial Union 
for Conservation of Nature and Natural Resources was represented by Shri S, 
Doraiswami and Dr. V.M. Galiishin, both members of the permanent lUCN 
Commission on Education, Dr. G.A. Teterin represented the Unesco. Mr, 
Francis Wattier, Secretary of the ICC conducted the proceedings. Prof VK.R.V, * 
Rao, the then Minister for Education, inaugurated the Assembly on 18 December 
and Prof. Gliose of the Indian Association for Extra Curricular Science Activities 
presided over the working sessions. 

After fruitful discussions during the four sessions the following recom¬ 
mendations were made: 

1. To set up an infoimatron service to piovide members with the most 
up-to-date data on extra curriciilai activities. 

2. To organize International Science Fair periodically by the ICC, 

3. To organize training seminais for out-of-school science progiammes by 
■ ICC. 

4. Grant subsidies to promote students and teachers to attend out-of- 
school programmes, conferences in other countries. 



ICC AND THE lUCN-II 


I N liis letter of 12 November 1970, Dr. G. Budowski, Director-General, 
lUCN, appointed us to represent the lUCN at the ICC General Assembly 
held in New Delhi from 18—21 January 1970. Accepting this nomination 
we both participated in the sessions of the General Assembly. Mr, F. Wattier, 
Secretaiy-Geneial, ICC, advised us also to participate in the Uiiesco Asian 
Regional Seminar for leaders of Youth Science Movement held earlier from 
14—18 December 1970 Mr. S. Doraiswaim took pait m this Seminar 

The programmes of the Assembly and the Seminar included some items 
which gave us oppoitiuuties to establish good contacts and cooperation between 
the ICC and the lUCN Ofpaiticulai importance in this respect were Item 10, 
“Possibilities of Cooperation with other international oiganisaLions” and Item 
11, “Calender of international youth science activities in 1971” of the agenda of 
the ICC Assembly as well as Items 1, 2 and 4 of the agenda of the Seminar. 

The lUCN policy for cooperation with ICC was stated and a brief idea of 
efforts of the lUCN Commission on Education in a field of out-of-school science 
activity was presented, 

Mr. S, Doiaiswami gave publicity to the proposed Indian Regional Comnutlee 
of the lUCN Commission on Education and explained properly its aims and pro¬ 
gramme. His contribulive paper, “Scope for cooperation between the lUCN 
and the ICC with legard to the contribution of out-of-school science education 
to development” (published else where) drew the attention of and created interest 
m the delegates. It generated active discussion and exchange of views on the 
matter, All the delegates fully appreciated the idea of conversion of the Indian 
Committee into the South Asian Regional Committee. They expressed their 
wish to inform the authorities concerned in their countries and do thcii best 
to convince them to join the Regional Committee later on. 

Dr V.M. Galushin stressed the urgent need for using all channels, including 
out-of-school science activity to stimulate inteiest and create an awareness of 
oar envuonnient among the young generation His mfoimation about the 
joint JUCN-IYF Project “International youth conference on the future environ¬ 
ment” (Project No 1-3) received an active response from the delegates and ob- 
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seiveis He also suggested the starting of joint lUCN-ICC pi eject No 33-13, 
“Annotated list of popular scientific periodicals for children and youth” 
recommended by Dr. J Cerovsky He proposed one more joint lUCN-ICC 
Project, Yiz, “Preparation of a complete list of youth organisations which are 
or will be .dealing with conservation of natuie”, and the stalling of a scheme ' 
for permanent exchange of information on conferences, symposia, youth camps 
and' othei activities both of youth and environmental organisations between 
Unesco, lUCN and ICC. Mr F Wattiei, Secretary-General, ICC, and the 
delegates agreed to participate in these projects 

At the closing session of the ICC General Assembly, Mr. S. Doraiswami 
proposed a draft resolution “Cooperation with lUCN” which was unanimously 
adopted by the delegates The necessity for linking out-of-school activity with 
solutions to environmental problems was also stressed by Mi. S Doiaiswami 
Ill the resolution moved at the Asian Seminar. 

One of the most useful results of lUCN paiticipation in the Assembly and 
the seminal was the good personal contracts established with representatives 
of Youth Organisations from 23 countries including 10 Asian ones. Some 
of them are dealing or can deal with envnonmental education They are 
Mr. M. Atputhanathan (Ceylon), Mrs S L. Anliola (Philippines), Mr. S. Tsuruta 
(Japan), Mr. MP. Prabhakar (Malaysia), Dr. A.M Ghose (India), Mr. P. 
Sankh'ala (India), Mr. A. Shadmon (Israel), Mr Salah Galal (UAR), Mr G. 
Ekegard (Sweden), Mr, N S Helm (Canada), Dr W.P.J, Lignac (Netherlands), 
Mr. A. Canino (Italy) and others. We believe that maintaining of constant 
communications with them will be useful for the Indian Committee and the 
lUCN Commission on Education. 

We wish to recoid our appreciation for the understanding of environmental 
problems and willingness to cooperate, shown by Mr Francis Wattier, Secre¬ 
tary-General, ICC, and Dr, Genrih A, Teterin, Unesco Representative who 
contributed so much for the success of the ICC General Assembly and the 
Unesco Asian Seminar, 

In conclusion we would like to expiess our deep gratitude to Di G, Budow- 
sky, Director-General, lUCN, and Di J. Cerovsky, Education Executive 
Officer, lUCN, for nominating us as lUCN representatives We would be 
happy if our participation at the ICC Geiieial Assembly and the Unesco Asian 
Seminar has resulted in some contribution to the lUCN activity. 


Report by the lUCN Representatives Mi S. Doraiswami and Dr. V M. Galushin at the ICC 
General Assembly, New Delhi (18-21 December 1970) and at the Unesco Asian Regional 
Seminar lor Leaders of Youth Science Movements (New Delhi, 14-18 December 1970) 
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ICC General 
Assembly 

Inaugural Address 
{18 December 1970) 


Prof. V.K.R.V. Rao 


■jl/TADAM Vice-President, Ladies and 
Gentlemen; 

It gives me great pleasure, not only in 
ray capacity as Minister for Education and 
Youth Services in the Government of India 
but also in ray petsohal capacity as one 
who has spent most of his life in the educa¬ 
tional world, to welcome you, Madam 
Vice-President, and all the delegates from 
the several countries of the world who are 
assembled here The Government of India 
deems it a privilege to host your organisa¬ 
tion for its deliberations which we consider 
to be as much of value to our own country 
as to all other.s. Yours is a non-govern¬ 
mental organisation which is supported by 
the Unesco, The fact that inoie than 70 
countries of the world are members of your 
organisation, speaks for the valuable work 


that you are doing Out - of - School 
scientific activities represent, to iny mind 
the most impoitant means of encouraging 
cieativity and stepping the tempo of scientific 
work among the younger generation in any 
country in the world Your organisation 
is concerned with this impoitant work and 
theiefore, the results of your deliberations 
would be of value to all of us I am sorry, 
Mr. R A Stevens of the British Association 
for Advancement of Science, who is the 
President of your Assembly, is not able to 
come here owing to personal problems But 
you have heaid Prof Aiya reading us the 
text of his letter and I should like to say 
how much impressed and moved I was by 
the tone and the content of the letter that 
Mr Stevens addressed to Prof. Aiya on this 
occasion. While we all miss him very much 
in our midst, I sincerely hope that all of yon 
would address yourself to the task set before 
you with the sa.me zest and eiythusiasm you 
would have shown had Mi Stevens also 
been present. I am sure, you will do it be¬ 
cause we have Madam from Brazil to give 
you the inspiration and stimulation which 
you might have got fiom Mi. Stevens, 
There is a tendency in all countries of 
the world to streamline procedures for 
instruction and evaluation in the teaching- 
learning process Consequently, some of 
the school science teaching is tending to take 
on A routine character This is perhaps 
inevitable because every country m the world 
is required to teach mote and more of science 
and that too to larger and larger numbers. 
A natural consequence of this development is 
the sad fact that creativity tends to get des¬ 
troyed and the required zest and enthusiasm 
for doing things on one’s own in the field 
of science does not get developed among 
our school students The result is that we 
are failing to nurse the very qualities for 
which wc give scientific education to our 
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children. As you are all aware, lire rnstiuc- 
tion and the oppoiluinties given at the school 
stage are responsible for shaping the child 
when it grows and becomes an adult It 
follows necessarily, therefore, that we nnist 
explore other avenue for nuisuig creativity 
and zest for science among our school chil¬ 
dren. Here is where the importance of out-of- 
school scientific activities comes in. 

Out-of-school scienlific activities aie 
necessary for all school children and not only 
for those who aie looking forward to a 
scientific 01 a technological career I want 
to emphasise that at the school stage this 
oiit-of-school science activity should not be 
confined only to those who ate going to 
become specialist in science latei on These 
oppoitunities should be available to all 
children who are m school We are living 
in a technological age and whatevei the 
vocation we caie to choose, we cannot escape 
the use of technology, I feel some tune sorry 
that, that is so but there is no escape fiom 
the fact Thus even if one is an adminis¬ 
trator with a degree m history oi literature 
or economics like myself, he may be required 
to drive his car and rectify minor defects 
when it stops on the road. When theie is 
something wrong with his Radio or TV 
or a hot plate oi a bed lamp, he cannot al¬ 
ways think in terms of calling an expert 
He has to do some of these ' jobs himself 
What IS more, he has to get used to modern 
gadget and leain to live with tliein He can¬ 
not possibly do this unless he has played 
with science using his hands and done some 
jobs while he was young I can say this with 
perfect sincerity because I am personally 
incapable of doing any of these jobs myself 
like either repairing a TV set or a bed lamp 
or defects in a car oi any other thing. T am 
personally incapable of doing any of these 
jobs for myself mainly because I did not 
have the chances to go in for any out-of¬ 


school scientific activities when I was at 
school many decades back I do not want 
the thing to happen to the younger genera¬ 
tion and hence my enthusiastic advocacy of 
out-of-school scientific activities for the 
school children of today’s India, 

Theie is a third and more important 
leason for encouraging out-of-school scienti¬ 
fic activities By doing jobs, we learn that 
we cannot succeed in every thing. We deve¬ 
lop the habit of taking oui failtiies more 
philosophically. Further, when we make 
things ourselves and also make Ihent work, 
we develop not only self-confidence but also 
the habit of scientific logic and will not get 
earned away by superstitions, obscurantist 
beliefs and the like There is not much time 
to adjust onself to modern and scientific way 
of life It IS very important for a country 
like mine which is emerging suddenly from 
what we call the medieval state of life. There 
is not much time to adjust onself to modern 
and scientific way of life. Thus, the deve¬ 
lopment of a scientific temper and rational 
way of thinking flow automatically from 
out-of-school activities, wheie we choose 
the job we want to do and do it the way we 
like It. The last two conditions are extremely 
important i e,, the choice of the job by the 
peison who is going to do and not only 
the choice of the job but choice also the way 
m which he wants to do the job If we ignoie 
these conditions in our desire to streamline 
out-of-school science, then we will destroy 
the very objectives which have forced us to 
think m term of out-of-school science And 
if you do that, I think, the ICC can appro¬ 
priately take on the title of the grand¬ 
mother.^ I think it is very important to avoid 
stream-lining and roiitmizing oiit-of- 
school science activities. It is bad enough 
you have got to do it when it comes to formal 
activities If you also want to bring all 
these informed activities under a straight 
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jacket, then we will be failing in the very 
purpose which we have in mind when we 
want to start with these activities. Mi. 
Stevens, youi President, has already written 
a book on out-of-school scientific activities 
for young people which has been published 
by the Unesco. It describes science clubs, 
science fairs, camps, meetings, museums, 
nature conservation, etc In fact, I should 
like to suggest to Unesco repiesenlatives, 

I think wh'o is present here, that in pur¬ 
suance of a resolution which has been adopted 
by the General Assembly of Unesco in Paris 
at the instance of the Indian delegation, when 
I suggested that some of the Unesco aid 
should be made available for translation of 
books into Hindi so that a much larger of 
people will be able to get acquainted with 
the valuable material that has been published 
by the Unesco, that one can make a very 
small beginning by taking this book for 
translation because this is a book which, 
will help a laige number of people to get 
acquainted with what you call the different 
methods of oiganising out-of-school acti¬ 
vities. Not that we do not knew about them, 
we are doing these things. But the advan¬ 
tage is that in this book it is all in one place, 
by a person who has gieat deal of experience 
m this matter and the veiy fact that Unesco 
has broiiglit about this, and that it is a 
satisfactory compilation and satisfactory 
introduction foi the out-of-school scientific 
activities. If the Unesco helps the National 
Commission to bring it out m Hindi, then I 
might try to persuade my own other orga¬ 
nisation's in this country also to bring it 
out in other Indian languages so that all 
the students of India and the school chil¬ 
dren m India will be able to get a kind of 
preliminary introduction to oiit-of-school 
science activities as they may be organised 
and described by somebody who is a pioneer 
in this field. Many of these activities have 


been developed m one way or the other in 
many of your countries including my country 
althdugh the degree of development may vary 
from country to country I hope I am not 
offending anybody,! am trying to estimate 
the age-group, I am addiessuig. However, I 
have an impiession that all such activities 
have been initiated through semoi and 
elderly people. If this is so, it is unfortunate. 
Perhaps, a live discussion with young school 
students may have contributed some more 
exciting types of activities and I can tell you 
this not merely academically but having seen 
a number of science fairs and exhibitions m 
my own country which have been orga¬ 
nised by school students and not by college 
students, not university students but who 
belong to 8th, I'Oth and 11th class and the 
kind of exciting things that they are trying 
to produce. Some of them may be completely 
unpractical.- That is a' different matter but 
the excitement and the zest they have 
brought in, imagination they have brought 
m, to use their knowledge of science, to 
create things is something which I think is 
very precious and the moment a person with 
great deal of leasonuig and sobriety, as we 
are supposed to possess interferes, I am 
afraid, the kind of imagination and reckles- 
ness which is so much important in terms of 
excitement and adventures tends to dis¬ 
appear and tlierefore, I think myself it is a 
good thing to get a few young people in¬ 
volved in discussing out-of-school science 
activities. Keeping this aspect in view, we 
have invited to this Conference, from our 
own country, a selected band of bright young 
students to attend parts of your discussions 
We are also associating some selected 
teachers in this work. After seeing what¬ 
ever you do, they can draw inspiration and 
chart out new paths that are still unknown. 
, We have also in our midst representatives 
of science museums and Education Depart- 
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meets of States where there is significant 
scientific activity. I have no doubt tlrat all 
of them will benefit from your deliberations 
and fiom your advice onpioblems of interest 
to tliem on which they might put questions to 
you, when they meet yon more informally. 

I may add that the science exhibition which 
accompanies the programme for your assem¬ 
bly will add zest and inteiest to all our stu¬ 
dents because they will get an opportunity 
not only of showing what they have 
done but also of talking to many of you. 
You will thus be contributing significantly 
to the growth of science in my own country 
I know that this contribution may not be 
measurable in terms of money, but I have 
no doubt about its adding a valuable psy¬ 
chic lucoine to my country. 

I gather that during this assembly at Delhi, 
you will focus attention on the following 
items. 

1. Seivices to be rendered by the ICC 
to its membei Associations, 

2. Participation in the programme of 
Unesco, of the Council of Europe, 
and of other international organisa¬ 
tions; 

3. Paiticipation of youth in the planning 
and implementation of youth science 
activities, the programme which I 
thought should be given a gieat 

' deal of importance; 

4. Extension of financing of exchanges, 

5. Programmes of assistance to deve¬ 
loping countries m which I am also 
not disinterested; and 

6. Long-term programme. 

All these items .can be of considerable 
interest to all of us I may say a few words 
about each of these items. The first service 
that the ICC could think of rendering to 
its member-associations would be through 
a suggestion that the member-associations 
including our own Indian Association 


should increasingly associate students and 
teachers with their organisations and exe¬ 
cutive bodies. That way, I thuik, lies a 
glorious future. Regarding the second point, 

I should state that more paiticipation in the 
progiammes of Unesco, etc, would not be 
adequate. We will have to think in terms 
of these organisations coming to the aid 
of the ICC both financially and through 
the supply of expert advice Proper schemes 
carefully worked out for such purposes 
can piove very helpful. Referring to 
the third point, I have already stressed the 
importance of youth being brought into 
the picture of the organisation, but I may 
add that one should not go beyond getting 
down to a broad frame-work m any process 
of planning youth science activities Any 
detailed planning even by the youth them¬ 
selves will destroy initiative and enteiprise 
on the part of its individual members. You 
will see that though I have been a planner 
myself, I spent 3^ yeais as a Member of the 
Indian Planning Commission and I have 
been normally known as a great advocate 
of planning for economic purposes, I am 
also very much aware of the inhibitory effect 
that planning can h^ve on initiative and 
enterpijse and therefore, m the planning of 
youth science activities, whatever is planned, 
should be in tferras of broader frame-work 
but not in terms of details, so that the more 
opportunity we can give to individual ini¬ 
tiative and stimulate individual curiosity 
and individual creative talent, the more we 
will succeed m the object for which we have 
out-of-school science activities. Now, 
therefore, I turn specifically to the needs 
of developing countries I want to take 
advantages of the presence of my distin¬ 
guished colleague, who is deliberately occu¬ 
pying himself in a very modestly obscure 
position m the back of the hall, but taking 
advantage of the presence of Dr Nag Chau- 
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dhari and I am always a peison who knows 
how to exploit the situation even if it causes 
embarrassment, I want to remind and to 
mention to this Assembly about him what, I 
think, the President of the Indian Associa¬ 
tion referred, that we want to have a scheme 
of having Centres m each District Head¬ 
quarters in this country where we want to 
have both science and cultuie We want 
science and culture both, because we do not 
want to give up culture just because we are 
entering a scientific age. At the same time, 
we do not think that culture itself can sui- 
vive in the modem world unless we aie 
living in a scientific atmosphere and making 

use of scientific facilities So we want to set 

\ 

up in every district of this country; to begin 
with at least one siicli Centre. We have 
got about 300 districts, each district with 
a population of a million and half. We 
want to have in each distiict headqiiaiters, 
a Centre for Science and Culture and 
you know, I am a very greedy person and 
my ambition always grows to what it feeds 
on. And since I put this proposal before 
a Conference of Eminent Scientists presided 
over by Dr. Nag Chaudhary sometime ago, 
I would like also to make an addition to 
this. I think along with this Centre for 
Science and Culture, which would be exhi¬ 
bition, a permanent exhibition, there should 
also be a hobby centre or a workshop 
centre where people can come and do some 
work themselves, where there can be some 
tools and some materials and so on and those 
who want to do some work feel interested 
and stimulated by visiting Centre. To do 
some work, they can come and spend 
a few days and do some creative work and 
so on. We want, these centres to be 
established in different districts and then 
organise parties of school students to 
visit the centres so that in the whole 
district in due course, every student 


has an opportunity of visiting the 
centre and’ those who get stimulated and 
particularly inspired may get an opportunity 
of doing some creative work themselves 
with the materials and tools that may be 
made available in the centres I am saying 
all this, because I hope the recommenda¬ 
tions of this conference which was held in 
New Delhi sometime back, which I specially 
made it a point to attend and present a 
paper as a citizen rather than as a Minister 
of Education, would have included a specific 
reference to this particular objective and I 
am anxious also that it will be the kind of 
thing where the ICC or Unesco can 
come to help us to set up pilot projects. 
We have at the moment, four districts in 
India, wheie we are having intensive educa¬ 
tional development project We are taking 
the district as a whole and every school 
in the district is being diagnosed and we 
are having a very comprehensive programme 
of trying to link up education with economic 
and social development in those districts. 
The idea being later on from the experience 
that we gel, we may be able to extend it to 
the rest of the country These four districts 
are’. 

1. One in Mysore State in Bellary, 

2. One in Maharashtra in Jalgaon;' 

3. One in Punjab in Sangrur, and 

4 One in Bihar at Dharbhanga. 

Work has already started m all these 

four districts. In some, work has been 
proceeding fast and in some, work has not 
proceeded fast. I should like to have in 
these four districts, to begin with, pilot 
projects of scientific and cultural centres 
and if the ICC, Unesco or whoever are 
concerned, can be of assistance to us in the 
establishment of these centres I think that 
will be a very useful way in which that 
Assembly could give concrete support to 
the programme of Out-of-school science 
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activities. Iccidentally, it will also stimulate 
my own Government to pay respectful at¬ 
tention to the recommendations of the 
Committee of Scientists, when the Commi¬ 
ttee of Scientists recommends to my 
Government that such Centres should be 
established m each district/town of my 
coiiDhy. 

Now turning specifically to the needs of 
developing countries, about which I have 
already spoken m length but I should like 
now to say what I have written, that it is 
time that we all realise that problems of 
developing countries are fundamentally 
different from those of the developed coun¬ 
tries. The limiting factors for all such 
activity in developing countries aie finance 
and trained personnel, There is also the 
need for some foreign exchange Therefore, 
it is something very impoi taut, and I am 
addressing primarily the Indian members 
and the members of the developing coun¬ 
tries; that developing countries including 
countries like India have to do their plan¬ 
ning for out-door science activities in terms 
of making the maximum use of their limited 
trained personnel, and utilising for science 
activities scrap materials, spare parts from 
discarbed instruments and equipment, 
and other presumably waste products. I 
would like to stress which may or not be of 
great importance to developing countries, 
does not necessarily mean that we must 
spend a great deal of money on hiring the 
imported first class scientific equipment. 
I think if we want to spread this activity on 
an intensive scale in my country or in other 
developing countries, We should try and 
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make use of all sorts of scrap and waste 
material and I have been myself some quite 
exciting products which have been created 
out of the use of waste material in this 
count!y. I think this is something which 
we want to bear in mind as far as developing 
countries are concerned, This type of 
venture which I have mentioned just now 
calls for innovations, etc., of an entirely 
new type than the use of standardised 
scientific equipment, which also I want to 
do. The developed countries which desire 
to aid developing countries, have to think 
in terms of providing experts who can face 
such challenges and share the joys and 
sorrows of limited opportunities m the 
developing countries with the citizens. 

May I now wish you all success, in your 
discussions at this General Assembly at 
New Delhi so that you could all return 
home with rewarding and lively memories 
of my country. May I close. Madam Vice- 
President, with the caustion that, “To 
define is to limit” Of course, we all must 
define as scientists but we also know that 
when It comes to activities of an innovatory 
character, ‘to define is to limit’. Let us 
at all costs avoid making extra-curricular 
activities routimzed and thus avoid making 
them into a plate replica of the routmized 
curricular activities with which we are all 
so painfully familiar. 

I have great pleasure in inaugurating 
this Session of the General Assembly on the 
development of out-of-school science 
activities, 

Thank you. 
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I T has become au evidence, sometimes 
brutal, that science and technology 
impregnate little more every day the life of 
our modern society. 

One single figure can prove this state¬ 
ment: about 90 per cent of the scientists of 
all times are living today I would wish to 
begin, therefore, by offering for further 
examination a first theme The essential link 
between science and Humanity as a whole.- 
Humanity without science is blind; science 
without humanity is void. 

Indeed, we must be clear in our minds, 
that science is a human activity among 
others, and that it is a part of man’s life 
and culture. This distinction between two 
cultures gives me much pain and I am 
referring to C.P Snow’s book and may 
be the following anecdote will lead you to 


tional humanist culture is presently the 
only officially recognized and well-estab¬ 
lished culture. 

During a public meeting, to which 
the so called “cultivated” people had been 
invited, two speakers were called to take 
the floor; the first spoke with eloquence and 
much talent on a subject related to some 
noble activities of man, in which he excelled 
speeds as well as in painting, musie and 
literature. At the end of his lecture, the 
people exclaimed “what a man of great 
culture I” 

The second speaker was a distmguished 
scientist, used to deliver excellent lectures 
on subjects related to science popularization. 

He spoke with talent, the audience 
understood nearly everything, but they 
exclaimed, "What a clever man”. 

Do you feel, as I do, the distinction 
between “culture” and-“cleverness". On 
one hand, culture is reduced to its essentially 
and traditionally humanist dimension which 
does not, of course, exclude intelligence, 
and on the other hand, only intelligence 
is recognized in the scientist, without giving 
him the benefit of a cultural background. 

This anecdote does not, of course, 
contain a revealing truth, but it stimulates 
all of us to a peaceful but decided struggle 
for the triumph of an enlarged humanism, 
the scientific humanism, which wants a 
better recognition of the place held by 
science in modern culture 

We revolt against those statements, 
which were famous in the past. “Science 
dries up the heart and mind”, and also 
against more recent slogans, as pessimistic 
as ‘Science is not humane”. 

Keynote address delivered at the Unesco Regional 
Seminar foi Youth Science Activities m Asia. Pre¬ 
pared m Coopeiation with Mr R.A Stevens, 
Chairman of ICC. 
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Of course, it must be recognized that 
science sometimes fughtens, when it tackles 
problems like the human body freezing to 
hibernate it during a whole life, or the 
possibilities of the modification of the 
genetic constitution of human beings. These 
possibilities, enabling science to modify 
deliberatly the human being, can shake the 
relative confidence mankind has in science 
and its applications. 

Another often heaid repioach science 
is accused of is the giving of power, the use 
ofatomic energy, to build up the too famous 
bombs, but with Professor Le Lionnais, 
President of the Association of Scientific 
Writers in France “I think that science 
must be used, and used in a good way”. 
In this sense, the use of a simple knife can 
be useful or dangerous 
Why should science and technology 
escape the immutable laws of human les- 
ponsibility. the use made of the discoveries 
essentially depends on the lucidity and 
wisdom of man, 

Justnow, we have listened to some detrac¬ 
tors of science, and it is suitable, for ob¬ 
vious reasons of mere justice to play the 
game and listen to the “scientists riposte” 
(to mention the French title of a very 
interesting issue of a recent publication 
ofUnesco— Impact of Science and Society, 
April June 1970). 

There is, of course, the atomic bomb, 
and there is also the cobalt bomb; and the 
latest instance of humane application, of 
the properties of a radio-active isotopes, 
to fight against one of mankind’s plague, 
the malignant tumours (in particular, 
cancer). 

The essential interdependence of science 
and humanity is all too often forgotten, 
both by scientists and by humanists, and 
yet it IS essential. The only thing in which 
science 15 helpless is the random chance. 


But the moment the field of random chance 
is left behind, there is no problem in which 
science is urelevaiit. The more complex 
pioblems of human government, and parti¬ 
cularly the planning for the future and for 
fuluic development, cannot possibly be 
tackled without taking the help of science. 
In fact, it IS often said that the one cause for 
optimism about the situation in which we 
find ourselves today is that it is now possible, 
through computers, if properly used, to 
make intelligent forecasts npto decades 
ahead, which had never been possible 
before. But note the words “if properly 
used.” If the scientists, using their compu¬ 
ters, do not taken into account humanity 
with its variations and vagaries, they can 
finish up with results as ridiculous and non¬ 
sensical as any reached by the blind un¬ 
scientific hiimamty of the past 

This first theme,- “essential link between 
science and humanity as a whole’’ leads 
us necessarily to focus opr attention and 
our energies on the following theme pre¬ 
sented under the form of a question, the 
solution of which, in my opinion, has a 
vital importance for the future of man; 
“Flow is it possible to accelerate the aware¬ 
ness of the place held by science in modem 
culture, and also, how to establish a favour¬ 
able climate for a better comprehension of 
the special role of science and technology as 
the main instrument of developments” 

In this context, I would like to quote 
here an extract of the address by his Royal 
Highness Prince Philip, Duke of Edinburgh, 
to the Indian Science Congress in 1959, 
held at New Delhi. “Every human in¬ 
vention or discovery can be used for good 
or for evil, and in the end it is the people 
as a whole who decide which it is to be. It 
is therefore essential that the possible con- 
seqnences of scientific reseaich should be 
put before the forum of ordinary people. 
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Only in this way can the combined opinion 
of reasonable, npiight and humane men 
and women throughout the world exert 
the necessary pressure to ensure that science 
is used to set ti'oe, and not to enslave 
mankind.” 

This “combined opinion of reasonable 
upright and humane men and women” 
poses, of course, this vital and enduring 
problems of the survival of democracy m a 
scientific and technological age, when the 
vast majority of the people are ignorant of 
science and technology 

To make enable people to “receive and 
understand” this social impact of science, 
I would like to present you my “magic 
triangle” The three summits are held by 
the citizens, the scientists and men res¬ 
ponsible of the political decisions (for 
reasons of clarity, we shall call them 
“politicians”) 

CITIZENS 



It seems indispensable to me that the 
direct relations assert themselves more and 
more between the three summits _of the 
triangle, that dialogues are taking place 
more every time in the two directions, from 
the scientists to the citizens and fiom the 
citizens to the scientists, from the scientists 
to the politicians and vice-versa, and from 
the politicians to the citizens, with the 
right for these to be better informed of 
the intentions of the governmental autho¬ 
rities 


A geneially accepted hypothesis iii 
many countiies is that the scientist is led 
to play a moie and moie important role 
in public and political life in older to re¬ 
duce to the lowest possible level the harmful 
effects of the applications of science, The 
governments are appealing more and more 
to science advisers—technocrats. To ask 
questions and receive appropriate anwers, 

IS the foundation of the democratic 
regimes. 

^‘All the powers belong to the Nation”: 
if a citizen is little or ill-informed, 
piincipally in the applications of science 
and technology, can he validly and fully 
exercise his sovereign duties, and his sacred 
1 ights 

We may tackle here the important 
necessity of scientific popularization of 
science within the framework of education 
for young people and adults These pro¬ 
blems will be largely studied diiiing our 
debates But we have to try to answer to 
the following questions; 

What can be presented as science? 
to whom?, how? and by whom? We 
shall have to estimate the responsibility of 
the mass media' the press, radio and 
television 

Within the great “ICC family”, our 
aim is not at all that everybody starts 
the study of science and technology, but 
we would like everyone to acquire sufficient 
notions as to appreciate the possible con¬ 
sequences and the social effects of science 
and its applications, in order to use it in 
a good way 

Those are the elements of a situation, 
that, according to me, demand quick and 
suitable answeis to the questions that were 
asked Because, have we the right to face 
passively the possibility of a community 
in which man would live and understand 
less, and even without understanding at 
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,11 the woild m which he would be con¬ 
demned to live? 

The statement of this deep lestlcssness 
is sometimes heard, science has nil the 
characteristics of a perfectly oiganiyed 
teligioii, and let ns c\cn.sc this parody 
"Besides science, no solution”. Also this 
anxiety, which can be .sometimes formula¬ 
ted as: does the so much piaised objectivity 
of science give the scientists tlie right to 
avoid any responsibility ’> 

A very important element rs science 
and technology caiwe changes in a society 
ii'liich is not yet mentally prepared to i eceive 
Itieni 

In the Unesco publication Impact, an 
Indian film piodncer writes, to 

impoit quickly science and technology in 
an agricultural countiy like India for in¬ 
stance, it is as if one tried to associate one 
half of a chariot with one half of a jet.” 

I think that the Mahatma Gandhi said 
"Machine steals man of his humanity”. 
He was notin favortr of the massive import 
of science and technology because he'gave 
much impoitance to the humane values, 
inherent to the Indian uiral society 

In an article published in July 1969, 
a few days before his political murder the 
minister Thomas J Mboya, of the Govern¬ 
ment of Kenya, gave a “critical survey on 
the technique and developracnt nr Africa”. 
Let ns quote “One of the problems which 
laises the application of science and techno¬ 
logy to the life of developing countries is 
the following' people arc informed of the 
latest conquests of science and technology 
and they are influenced by them much before 
they reach them in theii daily life. It 
follows that the populations are earned 
towards technique much before the condi¬ 
tions and means which would enable to 
transfei these techniques or to adapt them 
to face the immediate needs are gathered”. 


Let me quote a brief extract of the open¬ 
ing speech by Mrs. Indira Gandhi, Pnme 
Munster of India at the CASTASIA—“Con¬ 
ference on the application of science and 
technology to development in Asia”.’ on 
August 9, 1968, in New Delhi. 

“Though the developing countiies have 
not yet leuched the highest level in the field 
of science, they have one advantage. They 
sometimes may cover centuries in a few 
years, take profit out of the experience of the 
others and peihaps modify the order of 
evolution The inlrabitants of our remote 
villages know penicillin and the aeroplane 
has entered some regions in India where 
the moloicai or even the wheelbarrow were 
unknown” 

We are now at the heart of the matter, 
and we have to study carefully the question 
“how to help man to be helped by science?” 
In pai ticular, foi the young generations, how 
can we proceed to tins progressive initiation 
to the knowledge and understanding of the 
scientific thinking and technical achieve¬ 
ments, The thoughts are expressed taking 
into account the proper conditions of the 
Asian countries. 

We shall consider successively the school 
science education and the out-of-school 
science education showing their own features 
and above all, their complementarity. I 
have included science education, that is, 
formal in-school science edueation, be¬ 
cause this IS an essential basis of the first 
theme If humanity without science is blind, 
theie must be science education if eyes are 
to be opened. Moreover, wc cannot proceed 
to consider the place and role of out-of¬ 
school science education unless and until 
we have consideied some of the difflculties 
of formal science education in Asian coun¬ 
tries. 

We have logically to ascertain that 
science education in most countries in 
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Asia is an. alien affair. Great and glorious 
though the culture and history of Asia, they 
do not include modern Science and techno¬ 
logy as an essential indigenous character¬ 
istic' It follows that modern science and 
technology education has had to develop 
in Asia as an alien affair, often conducted 
in a foreign language, mainly using a foreign 
syllabus and foreign textbooks, often aim¬ 
ing at a foreign examination. 

One must confess to very great and real 
sympathy for the science teachers of these 
countries, and those directing them. They 
has - to do something, and what better 
could they do than follow the prescribed 
syllabus for the examination for which their 
students were being prepared. It must be 
admitted also that the help they were given 
fiom other countries was not as good as it 
might have been. I will give just one exam¬ 
ple from Great Britain although I have no 
doubt it could be duplicated from many 
other countries. Only a very few years ago, 
a group of eminent univeisity chemists 
undertook an analysis of the questions set 
for the General Certificate of Education 
in chemistry, and established that well over 
ninety per cent of the questions could and 
should have been set fifty years ago. Chemis¬ 
try was treated almost exclusively m terms 
of the properties of some nine metals, and 
there was no hint in any of the papers of 
all the exciting new work of the past thirty 
years—the nature of chemical bonds, the 
basis of ion exchange, how and why reac¬ 
tions take place, how catalysts work as they 
do, the whole field of stereo-chemistry 
(why two isomers, with exactly the same 
number of atoms put together in a different 
way have completely different properties) 
all the work which has revived chemistry 
and taken it rushing into exciting invasions 
of both physics and biology 

Theie are two truths here The first 


IS that the ferment of progress m formal 
science education has been so recent 
and so rapid in its growth and accelera¬ 
tion, that It has tended to obscure the 
position in the countries of Asia rather than 
to assist. In a confused and very rapidly 
changing position, there is an inevitable 
tendency to stick to what is known, and to 
resist change. 

The second truth leads directly to the 
place and role of out-of-school science 
education, not only in Asia, but thfoughout 
the world This is that there is, inevitably 
and universally, a built-in time-lag between 
what is taught in formal science education 
and the frontieis of knowledge; and that 
this time lag is far more apparent, and far 
more serious, in science than in any other 
subject. A history textbook of 1910 
IS probably still today a reasonably accurate 
guide to history, at least up to 1980 or so 
A chemistry textbook of 1910 is a museum 
piece. Many cases could be cited of text¬ 
books, published very recently and still 
actively in use in schools, which should be 
museum pieces, so obsolete and inaccurate 
are they. Science is advancing so fast that 
any system of formal education based on a 
syllabus, on textbooks and on examination 
requirements, must be several years behind 
the frontiers of knowledge And if forced 
to put a quantitative value on the word 
“several” it would probably prove sur¬ 
prising and embarrassing. Out of the con¬ 
clusions and recommendations of CAST- 
ASIA 1 elated to the “improvement of 
science education in the Asian countries” 
I have taken: 

—the science education policy must be 
considered as making integral part of 
the national policy of the education 
development, of which it is an essential 
element, 

■—from primary education, one must try 
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to give the children a scientific mind 
rather than having them retain facts, 
and the scientific education must be 
based on the direct experience of the 
school children and remain in rela¬ 
tion with their environment, pre¬ 
servation of natural resources, hygiene 
food. 

Our deep conviction of the complemen¬ 
tary qualities of the oiit-of-school science 
education will be easily proved by another 
ptoposal contained in the report of the 
CASTASIA, . the creation of science 
clubs should be considered as an essential 
element of the science education programme, 
aad as a means of providing for young 
people the opportunity of taking profit of 
this scientific curiosity out of the school 
framework”. So, once moie, at the ins¬ 
tance of the governmental or non-govern¬ 
mental Authorities, the need to institu- 
imalm the out-of-school science education 
is offloially proclaimed. 

The “International Conference on Youth” 
organized by Unesco at Grenoble, France, 
August 1964, had already underlined this 
need, “ ... the youth school and out-of¬ 
school educations have the same legitimate 
right to be included in the general develop¬ 
ment plans and to profit of the material 
resources of the nations... ” 

In the first “Report on the situation and 
needs of the developing countries m the 
Held of oiit-of-school science activities”, 
I have expressed some thoughts on the 
conditions of the development of out-of¬ 
school science education in the African, 
Asian, Lptin, American countries., A few 
of there are; 

(1) the out-of-school science education 
has an important role in awakening 
the interest of young people for 
the study of science and in the 
acquisition of a scientific, critical 


and logical science and in the ac¬ 
quisition of a scientific, critical 
and logical attitude It is necessary 
to develop the process of demysti¬ 
fication of science and to suppress 
any supernatural features of it 
During my visit to 7 Asian countries in 
1968, under the auspices of Unesco, 
I brought back, among otheis, a booklet 
published by the Birla Industrial and Techno¬ 
logical Museum at Calcutta, which is very 
significant m this respect: one can see a 
magician touching with his famous want 
the installations of the Mnseiim, under the 
legend- “MagicNo, this is science”. 
At the entrance of ‘the Musuem, some ex¬ 
planations are given, related to practical 
experiences which might have appeared 
supernatural at first sight. It is in this 
direction of the objective analysis of logical 
observation that the out-of-school science 
activities must be created 

(2) In a report she presented during our 
first World Assemly in Tunis in November 
1967, Mrs. M.J.S. Ormastroai, Executive 
Director, IBECC and Vice-President 
of ICC for Latin America, has empha¬ 
sized more particularly the objectives 
of the Latin-American associations; “to 
encourage the creation of clubs as well as 
the activities within the reality of the 
developing countries”. What does that 
mean? In our opinion, the acquisition 
and/or the re-enforcement of the scientific 
mind are more important than the research 
of immediate and spectacular achievements. 
Many times, I have had the opportunity in 
Asia in 1968 and during a more recent 
mission as Unesco consultant expert rn 
Upper Volta (m Africa), to see that the 
attractive and dramatic role of the works 
can often be found in the greatest simpli¬ 
city. 

The agenda, of this Unesco Asian 
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Seminar will lead us to study the impact of 
saentific infrastructure (scientific hbraiies, 
lectuievs museums of sciences and technology 
and many other problems m parti- 
culai, that of the young talent search, of the 
tiainmg of enteipnsing minds, which must 
have both more extended knowledge and 
a laiger broadening of mind 

I do not intend to discuss these 
questions now, but foi the last point men¬ 
tioned, I would like to quote a short ex¬ 
tract from the communication of Prof V. 
KorotoV, Academy of Pedagogical Sciences, 
U.S S R made at Montreal in August 1967, 
at the “First World Conference for 
leaders of scientific activities”, organized 
by ICC with the financial help of Unesco • 

“ . .the tremendous discoveries in science 
are often made by the youngest representives 
Because routine, stagnation are irrelevant 
to them; because a revolutionary enter¬ 
prising mind is pioper to youth in all the 
spheres in the life of society, and of course, 

in science_” But the most fundamental 

point is, that the Asian countiy want to 
develop the out-of-school science activities 
for young people not only with the desire 
of the scientific and technical acquisition, 
but also by placing these activities m the 
context of the social and economic develop¬ 
ment, they desire achievements that may 
accelerate the well-being, of the community. 
This aspect is clearly emphasized m the 
working paper presented for this Seminar, 
in these words how fare qut-of-school 
science activities should be integrated in 
social and economic development (parti¬ 
cularly in the view of the CASTASIA 
recommendation, that efforts to implant 
science and technology should be directed 
first of all, on a massive scale, to agriculture, 
in other woids, how to involve youth in the 
“green revolution” and the search for solu¬ 
tions adapted to their own country? 


The leading role of the science teacher 
or of the science adviser has already been 
underlined veiy often. The science teacher 
in Asian coimtiies not only has to teach 
science, with all the handicaps which have 
already been noted he has also somehow to 
convey understanding over very wide field, 
And in addition he has to make the whole 
knowledge and understanding, relevant to 
the problems of development; to transmit 
the idea that, for every student of science 
(no matter what his subject or speciality) 
there is in his own country a lifteLime of 
interesting and indeed absoibmg work to 
be done, helping the development of the 
country, to secure acceptance of the idea 
that the opportunity to learn science or 
technology carries with it almost an obliga¬ 
tion to consider service in the development 
of one’s own country, or at any rate of Asia 
as a first priority. 

I often feel that, in this matter, priorities 
aie not correctly assessed in this context 
Too often, prestige research piojects are 
undertaken, at great expenses, which dupli¬ 
cate work done elsewhere, and in any event 
add little or nothing to the development of 
the country. Too often, the aim of many 
who qualify is to escape to some post¬ 
graduate .post in another continent and to . 
flee from the tremendous challenge of deve¬ 
lopment work at home Countries with a 
highly developed scientific and technolo¬ 
gical system complain of “the brain drain”. 
Their brain diain is nothing compaied with 
that of countries in Asia, where there is 
a desperate need for every qualified man. 

What can the science teacher do about 
this’ As fai us we m ICC can see, the 
best chance to do something about it is 
through out-of-school science activities. 
The syllabus must, in the present circiim- 
standes, be covered in class, in school; and 
ont-of-school activities must be used to 
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supplement the syllabus by making the 
science that is taught lelevant to the situa- 
lioii and enviionment of the country con¬ 
cerned. Inevitably, in response to this 
■'must”, the ciy will go up, “But how? But 
liow?” 

jt IS a difficult task—a very difficult 
lask; but it is not beyond solution 

The first requiiement, I would submit, 

IS that which has been encountered in many 
countries when it tries to introduce an 
appioach to science m the piimary school, 
using piimary school teachers with almost 
no scientific background for the purpose. 
These teachers were not, and could not be, 
science teachers; and specifically they were 
not asked to be science teachers. The 
work of Piaget, as to the age at which formal 
science teaching and scientific concepts 
should be intioduced, is still valid, and the 
last thing one wants to see m Primary 
schools is wluit was suggested by one emi¬ 
nent man—a foimal teaching process start¬ 
ing at age 5 and carrying on to 11. What 
we did want these piiniaiy school teachers 
to do, not being scientists, was that they 
should tinn themselves once again into 
little childien, and lead the children in 
finding out For this, the first essential 
is to admit frankly that teacher also does 
ml know; and from this joint basis of 
ignorance, to stail to find out. 

In file case of the science teacher, of 
course, there is not ignorance—there is 
knowledge. But still, ignouince must be 
to a certain extent feigned; it must not be¬ 
come a lesson—imparting knowledge. It 
must be a process of encouraging the young 
people to find out and do the job them¬ 
selves. Tins is sometimes a very difficult 
task, calling for much understanding and 
patience. 

Tlie second lequirement is also some¬ 
thing that has been taken in many cases 


from the work of the approach to science 
in the primaiy school, but which is also 
most important m the sort of work we have 
m mind for secondary schools m Asia. As 
far as possible, the project or investigation 
should arise out of the experience and en¬ 
vironment of the young people. Provided 
this is the case, it does not gieatly matter 
what the subject is. It is the approach 
which IS important, so that the investigation 
shall be seen as something which is scientific, 
and which is relevant. Observe, measure 
and record, then if you can state a hypo¬ 
thesis, test it. This is the scientific method, 
and provided that it is applied to a problem 
arising out of the environment and from 
experience it will be meaningful for the 
pui poses we have in mind 

It follows for instance, that the expe- 
iience and the enviionment and very often 
the subject for an ont-of-school activity will 
be quite remote from the syllabus. This 
does not matter, in fact, it' may be a posi¬ 
tive benefit, foT it will tend to show, as well 
the wealth and breadth of science, the rele-' 
vance of science. 

Theie are probably many activities al¬ 
ready going on in schools which can be 
made the subject of an out-of-school science 
activity. For example, a school farm if 
scientifically approached can become a very 
scientific activity, with carefully observed 
records of planting, germination and growth, 
the effect of fertilisation and irrigation, con- 
ti oiled experiments between different varie¬ 
ties of seeds, and even a comparison of results 
with the experimental farms of the govern¬ 
ment agricultural department. I know 
that in Africa the agricultural officers would 
have been only too delighted to collaborate 
with schools m tins sort of scientific work 
The same may well be true of many of the 
meteoiological records which schools keep. 
For every schools which makes sensible meteo- 
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rological scientific use of the figures ob¬ 
tained, and compares them with other schools 
lesults, there must be hundreds which just 
go through the motions without making 
any real use of the work. 

It follows from this that many very valu¬ 
able investigations may lead teachers far 
away fiom the subjects which they normally 
teach formally. We can easily find a whole 
range of most important science investiga¬ 
tions which could very well, and very bene¬ 
ficially, be undertaken by schools or clubs. 
It would, for example, be possible to under¬ 
take sample, and of course unofficial census 
records of a village, which could be of the 
greatest use (again, unofficially of course) 
over a period of years. It would be possible 
to undertake records of land use, and of' 
aieas planted under various crops yeai 
by year, with the yields obtained; and 
these could be correlated with meteorolo¬ 
gical data. It would be possible to under¬ 
take long-term investigations of plant socio¬ 
logy, and the effects of pests. It would be 
possible to undertake sociological investi¬ 
gations, even if it is only the number of 
children brought into a rural welfare clinic-, 
and the motivation behind an increase, in 
attendance. It would be possible to under¬ 
take an investigation of a local market, 
with variations in producer and consumer 
goods offered for sale, prices, and numbers 
of traders and customers attending, from 
where they came, and how often, leading 
to an idea of the traffic patterns of the com¬ 
merce of the areas. 

Experience with community development 
activities in many parts of the world has 
shown.how effective, and beneficial for a 
community, can be collaboration between 
young people with the benefits of education 
and older people of authority m the com¬ 
munity but without the benefits of formal 
education. There are many, many ways 


in which out-of-school scientific invesliga- 
tions could be tied up with community deve¬ 
lopment projects to the benefits of all. Such 
a project might be a new road; m which 
case it may be vital to know the level of 
flood water in the rainy season, the rate of 
flow at a given point (showing whether a 
bridge is required or whether a culvert will 
suffice) correlated with the meterologioal 
data for the area. 

I hope that these examples will suffice, 
for this keynote speech, the sort of simple 
out-of-school scientific investigation which 
IS in the highest degree effective in showing 
the relevance of science to problems of deve¬ 
lopments, and how the knowledge, and the 
approach, which aie taught m formal science 
classes can be brought to bear upon the 
solution of local problems. If this sort of 
activity can be made, and become part of 
the normal experience of every pupil in 
school, the benefits for the country where 
it happens, brought about by the teachers 
and the pupils of the country themselves 
without any expensive apparatus will be 
enormous. And the benefits for the future, 
in arresting the brain dram, and in encoura¬ 
ging the scientists trained in the country 
and the non-scientists, to understand how 
science can and must be used to accelerate 
progress, will be even_ greater. 

At the end let me emphasize that formal 
there should be science education for other¬ 
wise there will be no scientists. But the 
greatest good will not, and cannot come 
■ from formal science education alone. It 
can only come from well-planned and well- 
led, out-of-school science activities, in 
which all join, whether they are going to be 
scientists or not. 

Only m this way can science be truely 
used, as Anderson said in his will, “for the 
good of mankind”. Only m this way, 
through out-of-school science activities, 
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call young people truely and effectively con¬ 
tribute to the advancement of science, and of 
their own countries. Before concluding I 
cannot resist the desire to reproduce a 
poem published about 25 centuries ago by 
an Asian poet Kuan-tzii. I have read 
the French translation and I try to give an 
English version. You will forgive me if 
it has lost a little of its poetic rigor, but it 


has kept all its depth and actuality. 

“If your projects will cover one year, sow grain, 
If they cover 10 years, plant a tree 
If they cover one hundred years, instruct the 
people. 

If you sow grain once, you will harvest once 
If you plant a tree, you will win ten tunes 
If you instruct the people, you will win a hundred 
times." 
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Out-of-School Activity 
' Through Field 
Problems Connected 
with Development 

M. Atputhanathan 
Ceylon 


I N this paper a new strategy in science 
education is piescnted where science 
learning is progiammed through field-work 
Shoitcomings of practical woik in school 
laboratoiies are now well known and this 
is one of the trends in reoiientation thiough 
new approach The rest for expeiimenla- 
tion by youth can be maintained thiough 
scientific investigation in which the results 
cannot be predicted in advance. Such work 
really stimulates a process of genuine scienti¬ 
fic research. 

Field-work in secondary education 
(Level II) was confined to the teaching of 
botany and zoology and in the primary 
(Level I) to nature study. These took the 
form of school picnics and the incidental 
collection of specimens. There was little 
follow up. After the second world war, 
biology as an integrated life science gamed 
ground in the secondary school with the emer¬ 


gence of “ecology” which is defined by Hoe- 
ckel (1866) as “that which deals with nature’s 
household”, by Ellon (1927) as “scientific 
natural histoiy”; and by Odum (1963) as 
“the study of the stiucUiie and function of 
nature”. The ecologist has now ramified 
into geology, gcogiaphy, pedology, climato¬ 
logy, mathematics, etc., in addition to 
biology, chemistry and physics. 

In order to help the pupil to look at nature 
(Level II) as an intcgialed whole, instead 
of compaitmentalized subjects, life is made 
the central theme and sciences like physics, 
chemistry, geology, etc., are to be inter¬ 
woven in the fabiic of knowledge 
Knowledge of nature ranges fiom atom to 
universe, and hence students must be made 
to look at them as entities of knowledge oi 
complex systems The nature surrounding 
the student with problems familial to the 
teacher and the taught foims a convenient 
point to enter this complex system and leain 
to unravel it. 

Field-work has other advantages in that 
it involves familiar mateiials, loss of abs¬ 
tractions, needs simple equipments; yields to 
experimentations; leads to improvisation; 
problems hre open-ended; it is away from 
the tyranny of rigid time table and other 
restrictions; lelieves the teacher fiom taking 
special steps for motivating, brings healthy 
social relationship amongst those working; 
and also between those woiking and the 
community aiound. In addition this pro¬ 
vides source material for research by tea¬ 
chers and students. 

The Hydrobiology of the Thondiamairnat 
lagoon (in the northern part of Ceylon) 
which was blocked by Govemment Irriga¬ 
tion Department to reclaim land and pio- 
vide a source of fresh watei formed the 
problem The investigations that were 
carried out by us with the active help of the 
community aiound weie appreciated by the 
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the effective implementations of the pro- 
graitiinc. This is in shoit the policy of the 
council 

Implications of Science Teaching 

One of the chief defects ot the science 
education m the developing countries is 
that It IS unrelated to life in general, it is 
more academic than puictical By getting 
students from various schools to come out 
in the field for two days with teachers, they 
are made to look at problems. They use 
simple science appaiatus and look at sophis¬ 
ticated apparatus, too This enables Uiera 
to develop a healthy scientific attitude. Once 
this altitude is developed, the teaching 
and learning becomes easy Batches ot 
Students are taken twice a year and they 
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woik with teachers day and night as working 
companions. By working on 'problems in 
the field they get an experience m scientific 
method Students were found to suggest 
improvements to techniques and to plan out 
ways of tackling problems 

Another big drawback in our educational 
structure is the attitude to reseaich, The 
Royal Society rightly felt that it would be 
started in school. In our field camps a 
spectrum of problems aie thrown for stu¬ 
dents to work on, Intelested students, are 
taken by teachers to help them in their re¬ 
search projects. Thus in addition to the 
students trying out miniatuie research pro¬ 
jects, they help teacheis in their reseaich 
problems. There are others who watch and 
incidentally leam as some of their colleagues 
and teachers work on research pioblems. 

The scientific attitude thus created, makes 
students to work on projects for school 
science exhibition. An Inter-school science 
exhibition, mainly among the'schools in¬ 
volved m this programme, is organised bi- 
anniially Students are also encouraged 
to become members ,of scientific bodies such 
as Junior Ceylon Association for Advance¬ 
ment of Science to promote research among 
students. Junior Wild Life Protection 
Society, and the like. It is very interesting 
to see some students who were trained 
in our camps not only becoming members 
of these bodies but actively contributing 
to them. 

Teacheis who are involved' in it have 
become well acquainted with the modern 
techniques and some of them have produced 
research material acceptable by the highest 
scientific body in the island and some of them 
are accepted by universities in the United 
States of America and Czechoslovakia, where 
these teacheis went to further their education. 
It has been the common experiepce that 
many other teachers who come to see these 


field activities become motivated and some 
of them joined as full-fledged members of 
this field-work gioup. This has made the 
teaching by these teachers more compe¬ 
tent, lively and purposive. The children 
who participated in it are leadeis in the 
classroom and they revitalise the classiooni 
and laboratory activity. 

One problem that should be brought home 
to the youth particulaily in Asia is the idea 
of conservation of nature. The students 
who work in the field get fiist-liand infor¬ 
mation and training in conservation. The 
laymen who come m contact imbibe these 
ideas. 

The non-science students who accom¬ 
pany us as scouts and helpers learnt a great 
deal and they too used to assist science 
students in taking measurements and going 
on observation parties. This is one way of 
imparting some science knowledge and the 
scientific method to the non-science students, 

These are some of the main educational 
outcomes of the expenmental project on 
field activity in science education 

Social Implications 

It was never realised initially that what 
was started as a primary research-ciim-edu- 
cational project, could be of interest to the 
community at large The recognition of the 
value and experience gained by our mem¬ 
bers on the board set up to advise and carry 
out investigation on the water resources 
of the Jaffna peninsula (a place that depends 
purely on siibtenaiiean water supply trapped 
vn Miocene rocks). 

Problems were suggested to us by the 
fisheries experts and our research findings 
have found the way into Fisheries Research 
Station. Agricultural extension work helped 
by the soil and hydrological data provided 
by us. There has been request by farmers 
and fishermen of the area for information 
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„„ water salinity, the type of the lagoon 
jlc The Iiiigation Depaitmcnl cons¬ 
tantly keeps in touch with us and the in¬ 
formations are exchanged They have made 
available some of their equipment for our 
use. 

Populaiisation of science attempted by 
the Ceylon Association for the Advance- 
nierit of Science was a failuie because people 
aie not prepared to come and listen to lec¬ 
tures or Radio talks on science in Ceylon. 

It was found that those who came to listen 
to popular talks were science youth and 
not non-science people. Furthci, very few 
people tune to listen to radio discourses m 
science, On the other hand, it was found 
that by working on scientific problems rela¬ 
ted to commumty inteiesl, we could popu¬ 
larise science by incidental learning, by 
observing others’ work, giving information 
and by dialogue. It was a common occurance 
to see people congiegatmg at the I'our camp 
sites situated over a distance of 30 miles, 
each in a different village. There always 
was a curious ciowd watching the woik. 
They get into conveisatioii with teachers 
and students. They cany (his information 
to the others and by this way we weie able to 
create an awareness among the local popula¬ 
tion, In turn they offered us help in various 
ways. Even the finance required to put up 
the field-work complex is being obtained 
by the collections from public. We were 
able to put across the idea that shooting of 
the birds unnecessaiily is a loss to their 
beautiful village (two of the villages has biid 
roosting grounds and are abundant in migra¬ 
ting birds). Our science exhibitions are 
patronised well and thousands of children 
and parents view the exhibits 

Another social element that we soon 
realised, as well Avorked through this pro¬ 
gramme, was the experience in group living 
that children get They usually come from 


different schools and each working stations 
used to have students from five or six schools. 
This gives them opportunity to exchange 
ideas, experiences and work as a team. In 
every team there is noimally included a 
scout team and they look after constuiction, 
food, tianspoit, etc, of the camp. There 
is a possibility of scouts learning science and 
others seeing scouts in action. We normally 
put students m the forefront of oiganisa- 
tions and this gives them a training in leader¬ 
ship, discipline and lesponsibility. 

Further children work as work mates 
with teachers and this gives an opportunity 
foi the teachers to imdeistand them better 
in classioom and laboratory as well 

The Physical Plant 

The physical plant that ran this pro¬ 
gramme oiigiiiated as a sub-body of the 
Science Teachers Association of the North of 
Ceylon The idea of getting teachers and 
students to work on the lagoon that was 
expected to get convened into a freshwatei 
lake was the primary objective The in¬ 
formation thus obtained was meant to be 
channelled to the relevant bodies such as 
agiiculture, ungation and fisheues while 
experience thus gained was to form the back¬ 
bone of science educations 

Experience showed that the centre of 
activity should not be the school, but the 
interested teacher. This was lealised very 
early and this proved very useful in the 
implementation of the programme from 
1963 onwards The sub-body grew into a 
Research Council with a convener, and this 
body began to function as an autonomous 
body with the good wishes of the Science 
Teachers Association Only interested teach¬ 
ers were to become members of the council._ 
They had to pay 3 rupees (3 shillings) per 
month to lun this organisation. The preli¬ 
minary work covering the first two years 
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gave enoaigh malenals for icsearch, This 
lea,cl to membeis ni closer contact with othet 
research oigaiiisation such as universities, 
fisheries, loseaich station, Ceylon Institute 
of Scientific and Ciuriciilum. Development, 
Centre of the Ministry of Education The 
work increased and it had to Jiave one mem¬ 
ber as Secretary to run the oiganisation, a 
tieasnrer to look after finance and publica¬ 
tion and another assistant to the convener 
to organise surveys. 

The composition of the council is made up 
of teachers and others interested who are 
called project assistants and people who 
have made definitive contribution to re- 
seaich and organisation of surveys called 
project officers. One of the project officers 
is the convener of the council At present 
there are 23 members of the council, and 19 
schools are participating in this project. 

Twice a year field camps aie established, 
simultaneously at four stations, and the work 
teams camp out from one morning to the 
following day afternoon These surveys 
are fmanc,ed by the participating schools. The 
Ministry of Education provides all assistance 
by way of tiansport, equipment, chemicals 
and encouragement Follow-up woik is 
continued m schools and by meetings of 
the council Some problems ausing out 
of the general study is continued as research 
problems by teacheis and others inteiested; 
and some are worked as student projects 
These arc financed by the council funds 
There is a small laboratoiy for the council 
111 one school wheie all scienlilic collec¬ 
tions, equipments and books are stored and 
where council meets every month, 

Vaiious organisa,t]ons have helped in 
different ways. The Ministry of Educa¬ 
tion Secondary Division gave all encourage¬ 
ment and made available equipments, 
chemicals and above all Mr B,J, Alles, 
Deputy Director-General Secondary Edu¬ 


cation and Mr J Rathayake, Chief Edu¬ 
cation Officer (Curriculum) gave advice and 
constructive criticism. The Asia Founda¬ 
tion got down some equipments and books 
which were not available iii Ceylon. They 
also made a small fund for the publications. 
Biitish Council also had made available 
some books Besides these, expert advice 
fiom inteiested fnends in the universities, 
research stations and sometimes from public 
too weie available 

The Budget of the project is increasing 
year by year For the year 1969-1970 the 
figuie stands at about Rs 4,000 Part of 
this IS met by schools and part by members 
of the council by way of monthly contribu¬ 
tion and rest by donations This excludes 
the cost involved in chemicals and fuel for 
vehicles which are met from Ministiy funds 
It IS estimated that once the field-work 
laboratoues comes into opeiation the cost 
will increase by another Rs. 2,000. Thus 
the total cost of uinning this programme 
excluding chemicals and fuel for travelling 
works out to appioximately Rs. 6,000 (i.e, 
about £ 460). 

From this year onwards a monthly News¬ 
letter IS being circulated to keep our mem¬ 
bers infoinied of developments in the council 
and in the field of science It is also to pro¬ 
vide a forum to discuss the work that is 
going on This Newsletter is sent free to 
all members, member schools and others, 
interested. ■ 

The council also publishes bulletins to 
bring out the outcomes of research and 
educational expeiiments. Seven such bulle¬ 
tins have been published fi om the funds made 
available by the Asia Foundation of United 
States of America. 

Other features are the radio talks to 
which the members are invited by Ceylon 
Broadcasting Corporation Two such dis¬ 
cussions have taken place Science Con- 
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tesswas organised to get stiidciits to present 
(lieir papers on miniature research piob- 
knis. Three such science coiigiesses were 
organised by the science teacheis associa- 

lions. , . , , , 

The science teachers association also helps 

ihe council in whatever it could 
Research Qualify 

Though emphasis was on field activity 
10 provide source materials for science edu¬ 
cation and investigation The pioblems 
studied by teachers were judged to be of 
high standard, This is replaced by the 
following papeis that accepted to be read 
before the Ceylon Association for the Ad¬ 
vancement of Science (The highest science 
body m Ceylon) 

1, The Preliminary Report on tlie ITyclrobio- 
logical Survey of Tliondainaimai L.igoon 
(1965, Atputhanallian M , Kugathnsan, K S. 
and Gunaratnam, K) 

2, Observations of Some of the Biologii,al 

Factors and Distribution of Rontodiilits 
Bemmdensis, Becldaitl 1891 (1967 Afpu- 

thanathan M, Unesco -CAAS Science 
Teacher Award 1967--Presentation AcUlress), 

3, Observations on Bioluinincsccncc ofaMiuurc 
Warm, OdontosylUs Orovelyi Faurd, 1928, 
off Northern Coat (1963—Atpiithanathan, M). 

1. Fish population of Thondamannai Lagoon-- 
Its Disfiibution and Economic Potential 
(Atputhanathan, M, Chitravadivelu, K., 
December 1968). 

3. Distribution of Mangrove vegetation in the 
Thondamnirar Lagoon (1968, Kugathasan 
K.S,), 

f. Prawns of the Thondamannar Lagoon- -A 
Study of the Different Specic.s, their Migia- 
tional Behaviour, Pattern of Distribution, 
Breeding and Ecorromic Potential (1969, 
Chrtiavadivelu K, Sclvavenayagam, K.) 

Besides ihcse there .are other papers such a,s' 

1 Investigation of the Technique of Deter¬ 
mining- Oxygen Concentration in Water.’ 
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2 Prchniinary Report of Elephant Pass Lagoon. 

3 .Student project Trials, 1, 2 and 3 

4. Evolution of the Organisation of the Hydro- 

biological prograranre 

This shows that incentive for high quality 
woik by teachers and those interested in 
science could be initiated by facing problems 
in the field One wonders whether ^these 
investigations would ever have been ini¬ 
tiated if these people had not woiIced ni the 
field and seen the problem emerging from 
the pielnninaiy information that was being 
gathered. 

Field- Work Complex 

The field-work complex is the outdoor 
activity centic of the Research Council. 
The laboratory which is neaiing completion 
on a half acre site will have an office-cum- 
libiary, an equipment room, a dark pre- 
paration and balance room, space for practi¬ 
cal work, and toilet facilities The space 
foi practical work has four corners one for 
biology, one foi physics, one for chemistry 
and one for geology and geography. There 
will be a space underneath the building which 
IS on stills for the boat, foi storage of cam¬ 
ping materials and for keeping experimental 
material. 

The next block of building to be cons- 
tinoted IS expected to accommodate a lec- 
tuic-cum-discussion theatre and two rooms 
for use as production units. 

Four tanks are planned to be constructed 
with facilities to bring animals directly from 
lagoon and for experiments. Adjoining 
this there will be an out-house for experi¬ 
mental set-ups. 

Four huts are expected to be put up for 
students to come and stay, in addition to the 
camping facilities that are to be provided 
These huts are also to serve those who want 
to do research to come and stay. 
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This complex is to serve as a centre for 
out door activity for students doing science. 
But unlike other field-work centres, this 
also has space assigned for those who want 
to come and work on projects Theie will 
be pioject tables which will be assigned to 
each of these research workers. 

A full time laboratory attendant will 
look after the centre In time to come it is 
proposed to put forward a proposal to the 
Ministry of Education to station a full time 
qualified person to guide those who come to 
this centre 

Conclusion 

This new venture in the field of science 
education, started primarily as an investi¬ 
gation of the changing Hydro-geology of 
the lagoon, got crystahsed after preliminary 
work into one of a new strategy in science 
education. This work has been going on 
for the past seven years, from 1963 This 
approach has made the teachers fairly 
modern , both in their approach and in 
their subject content It also found that 
the normal teacher,^ as years pass by, his 
quality of performance decreased; but in 
the case of those involved in this programme 
it has been increasing. It appears that, this 
not only motivates the student but also 
motivates the teachers in enabling him to 
perform at a high level of adequacy. 

One of the important features is that m 
addition to students and teachers quite a 
number of educationists. Research Officers 
in different fields and laymen to science are 
involved in some way or other. It is our 
firm conviction that besides better science 
education, development of research atti¬ 
tude, popularisation of science; educa¬ 
tion with a hearing on community problems 
are being achieved by this piogi amine 

Thus we present this pro gi amine with 
its experience and data at this session as a 


model for consideration for organisation 
of out-of-school activities for youth, with ' 
particulai leference to problems around 
the community, whether it be rural or urban 
in a developing country. 

Additional Out-of-School Science Activity 
Programme for Ceylon 

1 The piogramme that was descubed 
to you in the paper was tiled out in the 
northern pait of Ceylon. Its success in 
the field of science education, popularisa¬ 
tion of science cieativity, social implica¬ 
tions and above all lelationship of the 
programme to countries development pro¬ 
grammes were shown. 

Two other programme weie thought of 
on the advice of the Cuiriculum Develop¬ 
ment Centre whereby science teachers in two 
other parts of Ceylon could be catalysed to 
embark on a piogiamme of this type. 

2. The development piogramme isola¬ 
ted for Kandy, the Central hilly area of 
Ceylon is “Water Pollution”. We visited 
this place and had a senes of consultation 
with teachers. This area is fed by water 
fiom Mahaveli Ganga; and water from 
the Kandy lake is also of interest to the 
community 

Though this problem was isolated from 
our experiences of working on Thonda- 
raannar lagoon. We have decided not to 
start it ourself, but to stimulate the teachers 
and others interested in that area (Kandy) 
to organise themselves to embark on it. 

Methods like bunging a group of teachers 
to see the Thoiidamannar project, taking 
them to discuss with expeits in this field are 
contemplated to stimulate them to action. 

3. In the South of Ceylon in Galle Area 
the problem that appear be of interest to 
community is Coir Industry The Rural 
population has a hand in it and the urban 
population also is inteiested in it. In addi- 
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lion to the main industry there, are other 
side effects of coir industry which the people 
ate worried about like infection, etc., from 
coir soaking pits. 

Here again the same method as thouglit 
outfor Kandy is contemplated to get teachers 
to lead the progiamrae. 

4, Once these two areas are stimulated 
lo start theii programmes, we would have 
three programmes related to community 
interest one in north, one m central pait 
and one in southern part of Ceylon going 
on as out-of-school activities. From om 
experiences of Lagoon Project in North, we 
have no doubt that the other two also will 
produce the desired outcomes as was laid 
out in the papei 

5. There are at present a large number 
of science clubs functioning in different 


schools where enterprising teachers are 
available. 

From last year onwards there is a move 
to coordinate the activities of the science 
clubs by forming Junior Association for 
the Advancement of Science in each of the 
15 regions into which Ceylon is divide ^ 
Already such bodies have been orme^ 

T STis a move to develop the new 
existing Junior Wild Life Protection Society^ 
Through the science clubs and p J 

''"Becruse, with green revolution nature 
conseivation in the small island s 
becoming a great problem, and it 
has become necessary to educate th 
youngsters and thioiigh them the adults 

too. 
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Scope for Cooperation 
to the Contribution of 
Oiit-of-School Science 
Education to Develop¬ 
ment 

■ 

S Doraiswami 

Member, Commission on Education 
of the lUCN 


AT the outset, T thank Di, Watlicr for 
extending a,n invitation to the lUCN. 
(Intel national Union for Conseivation of 
Natuie and Natiual Resources) and to be le- 
presented at this Asian Seminar on Youth 
Science Activities as well as in the General 
Assembly of the ICC later on. T aho thank 
Di. Dudowaki, Director-General of the 
lUCN, who has asked me to represent the 
organization at this meeting, foi exploring the 
possibility of cooperation and coordination 
between the two organizations Before going 
fuitheijl would like to introduce myself. I 
am in the DeTpartment of Science Education in 
theNCERT, and last year when the Geneial 
Assembly of the lUCN met here, I was 
nominated a delegate by the Ministry of 
Education in the Government of India to 
participate at the conference At the exe¬ 
cutive meeting of the lUCN, I was elected 
as a member of the Commission on Educa¬ 
tion of the lUCN. 

1 have been listening to the very inteiest- 
_ ing discussions and repoils of the distin¬ 
guished delegates for the past three days. 


and I lind that tlie out-of-school activities as 
provided heie aie admiiably suited to the 
aims and objectives of the lUCN also. The 
Commission oii Education of lUCN is 
specially interested as it has to piopagate 
the leaching of environmental and conser¬ 
vation education to the children at all the 
stages in the schools as well as m the colle¬ 
ges The lUCN, like the ICC, is an inter¬ 
national non-governmental organisation, 
but it has governments as its members and 
othei institutional orgamsations The 
Government of India became a meinher of 
the lUCN at the last General Assembly, 
The A-ssembly ’passed a few lesolii- 
lions and icquestcd all merabeis (govem- 
meiit and organisational) to implement 
them. The inteiest geneiated by this meet¬ 
ing in the public is reflected in the number 
of parliamentary questions which have been 
a,skcd on the rcsolLitioim passed by lUCN 
assembly and t‘he way that the Government 
of India, through the Ministry of Educa¬ 
tion, pioposcs to follow lip so far as school 
education is concerned. And I should say 
the response from the Ministry of Educa¬ 
tion and NCERT is very heaitenmg, be¬ 
cause they have taken it as one of the items 
of their programme and the follow-up work 
IS being pursued. 

As a fiisl step, the lUCN has asked me 
to be the Convenor m forming an Indian 
Regional Committee of the Commission 
on Education Steps are' being taken and 
arrangements are being made to have an 
inaugural function of this body on the 14th 
of January,. 1971 lu Delhi. The idea of the 
lUCN is tllat after workuig for a year, this 
• Committee should be enlarged into the 
Regional Committee for South Asia, be¬ 
cause in the lUCN Commission on Educa¬ 
tion, there are Regional Committees for 
several regions and not ouc national com- 
niiiLee, The countries in the region may 



SCOPE FOR COOPERATION TO THE OUT-OE-SCHOOL SCIENCE EDUCATION 


125 


|]^ve common problems of environment, 
fhen I was asked to do this, I was a little 
perplexed, and I asked myself, “Where aie 
my contacts?” But I am very happy that 
Iliave been involved in this meeting and I 
find so many contaols m this fruitful co¬ 
operation between the lUCN and ICC. 
After hearing the excellent paper from the 
learned Ceylon representative it was very 
lieattening for me to know how the students 
are being involved in major problems of 
Ik country. 

Mr., Atputhanathan kept us all interested 
on a very useful project he has been working 
on in Ceylon. If we could only isolate or 
recognises ceitain situations like this m 
our different countries, we can also involve 
tk school childien m out-of-school acti¬ 
vities. It is here that the pupils can show 
individuality, iiutiative and appeal to the 
masses. 

As a follow-up of the General Assembly 
meeting of the lUCN, theie was another 
meeting, a Working Meeting on “Environ¬ 
mental Education in the School Curriculum” 
at Nevada U S.A. The Ministry ones 
again deputed me to attend this meeting. 
At this meeting the problems were examined 
from several aspects. One was the deve¬ 
lopment of curriculum where concepts of 
environmental education could be intro¬ 
duced at the different stages of education; 
and another was the out-of-school activi¬ 
ties. It is best to involve the young pupils 
and the youth m conservation education. 
Scientific literacy has been explained by 
Mr worthy fjriends here and this should also 
include awareness of enviionmeiital prob¬ 
lems, Several delegates touched upon this 
aspect as part of the out-of-school activities. 
Wheie else can we begin it except at the school 
stage when children are young, and incul¬ 
cate in them the necessity to preserve the 
balance in nature and the necessity to main¬ 


tain it if man is to survive? 

It may apparently appear that India is 
not now so affected as several other deve¬ 
loped countries. Still I think we should 
take steps even from now so that we should 
take advantage, and benefit from the mis¬ 
take of others. There was a time when 
conservation education, meant only the con¬ 
servation of moisture, conservation of soil, 
conservation of forests and preservation of 
wild life, and so on. Environmental edu¬ 
cation now has a wider meaning Perhaps 
man is the only organism, that consciously 
changes the conditions of the enviionment. 
It includes the urban situation. His action 
affects both the renewable and non-lcenew- 
able resources of the earth, and on the wise 
use of these depends the survival of men. 

The term “ecology” has become very 
popular and fashionable. There was a time 
when “ecology” was used only by the bio¬ 
logists in the classrooms, but I think “eco¬ 
logy” is now being used by the public. The 
American magazine “Life” once published 
a photograph of a model wearing an “eco¬ 
logy” dress. The awareness of this aspect 
is very acute in some advanced countries, 
where everyday the newspapers have some 
feature of other about environmental prob¬ 
lems, and pollution in the big cities and in 
urban situation. Conservation is no longer 
the realm of biologists, it is being discussed 
in other science disciplines. This has a mijlti- 
disciplinary approach. 

If these points are somehow brought into 
the school curricular materials of the differ¬ 
ent disciplines, and if those are again tackled 
•as out-of-school activities, much could be 
done with regard to achieving our objective 
of maintaining an environment for the future 
survival of man. 

Another feature that-could be noticed is 
the ferment 6f curricular revision that is 
going on in all the countries. I mean parti- 
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cularly the developing countiies. We had a 
good idea of what is happening in Ceylon, 
in Singapore) in Malaysia and other coun¬ 
tries. India IS also involved in a great pro¬ 
ject and task of cuiriciilar revision, and 
improvement of teaching of science in our 
schools. We had an excellent picture given 
by one of our distinguished guests about 
how the question paper that was set m 
England was examined and found it was 
30 years behind the times. How I am happy 
to say that we are not so behind m times 
but are catching up lapidly. We , are in 
the wake of the other nations in the revision 
of ,our syllabus and we have undertaken a 
big pioject In the light of the discussions 
here and with the background we have, we 
have to develop our extra-curricular acti¬ 
vities In India the Ministry of Education 
is encouraging the setting up of “Youth 
Camps” which should only work on out-of- 
school activities. Among other activities 
the camps could include activities to propa¬ 
gate ideas of preservation of the environment 
as well as out-of-school science activities. 

In our universities, there aie National 
Service Crops for which also camps are 
organised. In the Banajas Hindu Univer¬ 
sity, where there is an ecology school the 
faculty members have started putting this 
across to the NSC so that they could make 
this as a part of their programme and I hear 
they are doing good work All these as¬ 
pects would be examined by us at the busi¬ 
ness session after the inauguration of the 
Indian Regional Committee in January. 
After that we would request an expert com¬ 
mittee to examine our existing curricular 
- materials to see how^ much of the concepts 
on environmental education they have 


and what new ones could be introduced 
without disturbing the structure of the disci¬ 
plines or the curriculum. 

One of the out-of-school activity would be 
the Organising of exhibitions and “green- 
weeks” At Nevada we were shown pictures 
of how the children were involved in these 
activities in Sweden and Netherlands, Per¬ 
haps we could also proceed on those lines 
and the Forest Department has extended 
full cooperation to us to implement this 
programme and produce filmstrips, slides 
and so on. 

I was very happy to find that many of 
the activities of the ICC and the out-of¬ 
school programme in the other countries are 
giving attention to the environmental and 
pollution problems I could see at least 
two major planes where we could cooperate. 
0) lUCN would be fuitlienng the out-of¬ 
school activities because it is one of their 
important objectives,, (ii) the ICC would be 
helping to implement the objectives of lUCN 
as far as involvement of school children is 
concerned. 

Glossary of Technical Terms 

I find that already a beginning has been 
made in the ICC. It is one of the items 
suggested by the Indian Regional Committee 
at the recent meeting of lUCN at Bulgaria, 
that there should be a glossary of ecological 
terms and this was approved. They have 
asked the Indian Regional Committee to 
stait it In tins also I see a lot of coopera¬ 
tion. 

Perhaps m the beginning the coopera¬ 
tion will be all one way. We will be taking 
in more but ultimately I hope that we would 
be able to restore a. two-way trafidc, 



The Science Foundation 
of the Philippines : Its 
Experience at Science 
Promotions 

SOLEDAD L. ANTIOLA 

Executive 'Director 
Science Foundation of the Philippines 
Manila 

A S Executive Director of the Science 
Foundation of the Philippines, I came 
to this august Seminar more to listen than 
to be heard, more to acquire than to impart. 
For, my country, the Republic of the 
Philippines, is an old young country—old in 
histone years but young in science experien¬ 
ces, particularly on youth activities. We are 
just beginning. 

It is, therefore, with great sincerity that 
I express for myself and for my country 
deep gratitude for having been invited to 
this seminar for we are eager to learn from 
you of your advances in science, particularly 
through out-of-school youth movements 
aud/or of your problems and hbw you solve 
them so that I may bring them home to my 
people and benefit thereby. 

Of course, I am going to speak about 
my country and its problem and the steps 
taken so far to approach national deve¬ 
lopment thiough our out-of-school science 
education. I shall be honest and to the 
point in talking about my country. Like an 
ordinary physician I am taking to you, a 
patient, for a conference diagnosis by emi¬ 
nent colleagues 

Paper presented at the Uiiesco Regional Seminar 
for the Leaders of Youth Sciences Activities 
New Delhi, 15 to 18 December 1970 


Throes of Growth'' 

My country is undergoing painful diffi¬ 
culties of a stunted growth along socio¬ 
logical, economic, political, educational and 
technological lines We stumble along, 
clumsily with a heavy load of biased and 
outmoded policies. We have to drag and 
pull m order to go ahead. 

We desire to progress as fast as our 
people’s needs demand However, efforts 
we make turn clumsy, sophomoric, inefii- 
cient and inutile not much by our own 
choice and design, but more so by inelastic 
sub-seivience to outmoded concepts. How¬ 
ever, we have developed an attitude of 
feeling disgiaced or inadequate when any¬ 
thing in the guise of local or native colour 
springs dp—to be competed with what is 
foreign—an apparent betrayal in the Fili¬ 
pino including the supposedly nationalistic 
leaders, of his inner values. 

We have the sad spectacle of our experts 
in science and technology being lured to 
other countiies more advanced than the 
Philippines on two mairj reasons 

Firstly, the training that those specialists 
have acquired cannot be effectively utilized 
in our country. On the surface, our" country 
does not have the instiuments, facilities, 
and capital to harness their knowledge to 
the people’s needs. In truth, such tools 
could be availed of and geared to the youth’s 
programmes for acquisition of knowledge. 

Secondly, because of the strong influence 
of our people’s values pervading the sub¬ 
conscious. the Filipino tends to look down 
on a fellow Filipino as lower in category 
to a foreigner, specially Americans or Whites 
of the same profession even, ,if in truth of 
facts It is the reverse of the presumption. 
Such influence of age-old learning has 
compelled the Filipino to look towards the 
outside for anything from the search for a 
national language to the feeding of an infant. 
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Remember, wo aie like this because of our 
past. Remember, too, that the education 
of a people starts even centuiies before 
they are born. 

But as I said at the start, we are beginning. 
In the recent years, there have been many 
of our young flocking to our technological 
schools. Science consciousness is gradually 
starting to seep into the life-stream of the 
Filipino people. The government, although 
a low and typically bureaucratic, initiated 
moves to advance science and technology. I 
repeat, we are now beginning. 

Investment in the Youth 

Being aware that it is in the youth that 
the promise of tomorrow lies the Philippine 
government is now paying greater attention 
to science education and development for 
the youth Not only has the government 
of my country been vitalizing science teach¬ 
ing in our schools but it has begun to provide 
our young with out-of-school incentives for 
the science inclined. And one of the itgen- 
cies established by the government to under¬ 
take the job of developing among the youth 
science awareness, as a positive factor for 
individual and national progress is the 
Science Foundation of the Philippines. 

This agency, a quasi-public corporation, 
was created by law m 1952 under the then 
President Ramon Magsaysay. It has un¬ 
dergone several changes engaging m several 
activities or projects which were simply 
hitched on to projects of other government 
entities because it lacked funds for its own 
projects. Contributions and donations from 
the moneyed private sources did not come 
m as expected. It was kept going only by 
a handly of dedicated members of its Board 
of Trustees who among tlidmselves looked 
for sponsors of young students’ scholar¬ 
ships rn local schools or abroad, work for 
the establishment of the Philippines Science 


High School founded by the government 
and inspired the goveinment to established 
the National Development board. 

However, now, the Science Foundation 
of the Philippines, since two yeais ago 
has been granted a slice of the income of 
the government from a special science tax 
which in 1969 grossed a total of 40,000,000, 
According to the law governing this special 
science lax, 85 % of the collection from this 
tax goes to the National Science Develop¬ 
ment Board, 10% goes to the National 
Reseaicji Council of the Philippines 
and 5% to the Science Foundation of the 
Philippines 

The National Science Development Boaid 
deals with applied research and develop¬ 
ment piojects and economic feasibility stu¬ 
dies. It helps mventois and specialist- 
rescaicheis not only financial'iy but also 
with technical advice and guidance. The 
National Research Council of the Philip¬ 
pines supports prpgrams and piojects in¬ 
volving basic and functional researchers 

Meanwhile, the Science Foundation of 
the Philippines is given the following func¬ 
tions- 

1 To encourage, protect and aid in 

the organization of science clubs, 
science and technology nniseums and 

science societies iii schools and 

colleges and enhance and promote^ 

science consciousness in the people; 

2. To foster interchange of scientific 

information among scientists here 
and abioad, 

3. To initiate, promote, stimulate, soli¬ 
cit, encourages, and support re¬ 
search studies in the promotion of 

science’ consciousness by means of 
grants, loans, and other forms of 
assistance to qualified persons and 
institutions applying for same; 
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4. To enhance out-of-school science 
activities arnong the youth; and 

5. To act as science advisei to the 
National Science Development Board 

Ptograrame Goals of the Science Foundation 
of the Philippines 

The SFP has the following programme 
goals in the piomotion of science conscious- 
ness: 

1, Establishment of 13 science regional 
centies for the whole country, 

2. Acquisition of science films and 
establishment of a working film 
librarv; 


3. Establishment of a science refeience 
library in Manila and in the regional 
centres; 

4. Establishment of a national science 
and technology museum and a modest 
museum of science and technology 
in each regional center, 

5 Acquisition of mobile units for 
■ Manila and the regions; and 
6, Organization of some 16,000 science 
clubs all over the country 

Vehicles of Attaining Objectives 

Actually the Science Foundation of the 
Philippines has for its backbone the science 
r.lnhs It aims to organize and vitalize through 
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out the Philippines archipelago A string 
for these clubs composed of students and 
non-student youth from the cities to' the 
barrios throughout the country could be 
the most effective dissemination of science 
consciousness among the people. 

Regional Centres 

Composed of more than 7,000 islands, 
big and small, the Philippines aichipelago 
IS divided into 65 provinces. The Science 
Foundation of the Philippines has divided 
the countr.y into 13 regions with each region 
made up of three or more provinces and 
cities. Each region has its regional center 
under a Regional Science Promotion Offi¬ 
cer (RSPO) The RSPO takes charge of 


the following activities and functions: 

1. Organization of science clubs in 
the region and vitalizing and co¬ 
ordinating their activities; 

2. Acting as liaison ofiScer of the SFP 
in dealing with local school heads, 
government officials and civic-mind¬ 
ed citizens who are directly or in¬ 
directly involved m the various acti¬ 
vities of science clubs in the region 
such as science quizzes and fairs; 

3. Maintaining the regional centre office 
and supervising its staff, 

. 4, Setting up of a modest science film 
library, a reference library, a minia¬ 
ture science and technology museum, 


Another Prize winning entry ''The Vitamin A Content of Bangus and Apahap iPhilippInes fishes) 
Liver Oils” by Manolo Mena at the National Science Fair in the Philippines. 
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and a gadget shop which shall be 
open and available to science clubs 
and individual persons with interest 
in science; and 

5, Operation of a science mobile unit— 
a transportation item with projectors 
and laboratory equipment and, de¬ 
vices aimed at selling science to the 
people paiticularly those in rural 
areas 

The SFP, however, has not oiganized six 
of the 13 regional centres and the under¬ 
staffed central office has to enlist the ser¬ 
vices of its handful of employees to the 
unorganized regions to really make SFP 
activities in scope 

The Science Film Library 

The Science Foundation of the Philip¬ 
pines Science Film Library started from 
scratch. Tlnough donations and pur¬ 
chases,,the SFP has no^ in its possession 
some 200 reels of science films which are 
made available for loan to interested public 
and private schools, civic and scientific 
organizations or any purposive group or 
individual. 

However, to date, the SFP neither has a 
film projector of its own (it borrows from 
other government agencies when need arises) 
nor has it a single mobile nmt to bring these 
films to the remote area. If SFP films are 
shown at all in the provinces it is often 
done so.by central offices personnel going 
there on workshop-seminar duties. 

One film which is very popular among 
college students is the “Modern Chemistry” 
series consisting of 160 lessons of 30 minutes 
per showing. In 1962, the SFP succeeded in 
obtaining these and others from Asia Foun¬ 
dation. The SFP wanted to reach as many 
places as possible so that they'may benefit 
others. Viewers found the lessons very 
effective in introducing' new concepts in 


chemistiy So the SFP initiated a television 
programme “Modem Chemistiy on the 
Air”, with the cooperation of the Bureau 
of Private Schools, several colleges and 
universities, two television manufacturing 
firms and a television broadcasting station 

The Buieau of Private Schools approved 
the accreditation of one academic unit 
to students enrolled in basic chemistry at 
the scheduled time for the telecast of “Modern 
Chemistry on the Air”. The involved col¬ 
leges and universities scheduled chemistry 
classes at the piecise time that the lessons 
went on the air Two big TV manufac¬ 
turing companies loaned to the SFP so 
many TV receiving sets, winch the SFP, 
in tin 11 , lent to the enlisted colleges and 
universities for a minimum period of one 
semester A big TV broadcasting station 
telecast the chemistiy lessons as a public 
service gesture. 

The programme was successful. It weni 
on for some time. But the filn-tj became 
sciatched and blurred due to overruns and 
no replenishment came The programme 
folded up, yet, the SFP has pioven that the 
bayanihan or cooperative spirit among our 
people IS not dead and that there is the 
feasibility of concerted action in science 
promotion projects. 

The SFP intended to revive the TV pro¬ 
gramme and branch out to other subject areas 
Perhaps it could popularize TV lessons on 
science and technology to a successful extent 
that the youth in their homes would wait 
with anxiety for the telecast as they do wait 
for telecasts of basketball games and pop- 
music-and-dance programmes. 

At present, the SFP is engaged in a joint 
project with the Scientific Film Association 
of the Philippines (SFAP) in showing science 
films in the SFP regions. Calledthe “Scienti¬ 
fic Film Fqrum” project involves the Science 
Club Adviseis Organization of a region 
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which makes a lequest to the SFP for more 
information and educational aids on deve¬ 
lopments in science and technology. 

Thus, in the regular meetings of the 
regional Science Club Advisers oiganiza- 
tions, science films from the SFAP are 
shown and SFP science education.experts 
act as moderators and resource persons 
during the open forum after each filming. 
The SFP also takes charge of the coordina¬ 
tion work with the regional science clubs 
or projects—before each forum The SFAP 
supplies the projectors and other filming 
needs 

Through these film foiums, the SFP 
hopes to give science teachers moie of what 
they could effectively impart not only to 
their students in the classiooms but also, 
or more so, lo the members of their school 
science clubs. \ 

The Science Reference Library 

Dissemination promotion and applica¬ 
tion of the boon of science and technology 
on the people through books, magazines 
and periodicals is one of the aims of the 
SFP The agency is establishing in each 
regional centre a reference library which will 
specially deal with science and technology. 
Primary consideration is given to the acqui¬ 
sition of prescribed textbooks and adequate 
reference books used in the schools m the 
region to help meet one of the biggest needs 
of education in our country. 

These regional reference libraries shall 
be opened to the science club members 
and advisers, and also to the people of the 
area with effective safeguards and regula¬ 
tions as to the manner of borrowing 
and returning, and loss of or damage to 
the library books or periodicals. Posters 
and film showings at the centre and other 
‘come-ons’ may be resorted to by the RSPO 
to entice students and out-of-school youth 


to the center's reference library, as well as 
to its gadget shops and museum, 

To achieve the objectives of the SFP 
in the establishment of these libraries, foreign 
assistance as well as local sources are tapped 
for donations, in kind or in cash. 

The Science ancf Technology Museum 

One of the most ambitious projects of 
the SFP IS the establishment of a big and 
modern purely science and technology 
museum m Greater Manila, the building of 
whicli alone could cost no less than five 
million pesos This project is aimed at sti¬ 
mulating or awakening science conscious¬ 
ness among the people of the Philippines, 
especially among the impressive youth. The 
Ministerial Conference on the Application 
of Science and Technology in Asia (CAST- 
ASIA) held in August 1969, in New Delhi, 
amply discussed the need for establishing 
a science and technology museum in each 
developing country of Asia. 

Plans for the Philippine Musuem on Science 
and Technology call for a big parking space 
so that cars and buses of the viewing public 
could comfortably and easily park. There¬ 
in, elevators and connecting bridges shall 
expedite movements of viewers from one 
section of displays to another for some 
three hours without fatigue. 

Displays that more or less number up 
to 2,350 shall be solicited as donations from 
equipment and apparatus manufacturers 
but minus and advertising gimmickry beyond 
a nameplate identifying the donor 

Museum displays shall not be static or 
cased in glass. All' displays shall have 
motion. They shall be running or easily 
operated by spectators. Displayed views 
or stills shall at least be in dioramas to 
give the three dimensional effect to 
viewers. 

Problem. Financing the museum, whicli 
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at the rate prices are soaring up, light 
amount to 20,000,000. 

Suggested Solutions 1. A special tax 
)avv, the Science Tax Law, was passed by 
Congress and approved by the President. 
Five per cent of the collections under the 
law goes to the SFP. But this amounts 
only to a measly 2.000,000 annually with 
the bulk going to operating expenses and 
only 575,000 going to capital outlay, that is, 
in the designing and construction of the 
museum building 

2 Request scientific and technological 
societies to help Some philanthropic Fih- 
pihos shall be requested, too, to finance 
some displays, 

3, Collect a minimum amount for en¬ 
trance fee. 

4 Sell pamphlet guides that describe 
the scientific and technological displays. 
These pamphlets could be effective educa¬ 
tion aid. 

5. A cafeteria or restaurant may be 
operated in the premises. 

6 Make the buildings of the museum 
attractive enough for tourists, and students 
by having it as a beautiful architecture in 
itself, having it as the tallest or the sprawl- 
lags building either in Asia or in the country. 

Again, as I said, we are only beginning. 
This national science and technology 
museum is still on paper—out of the drawing 
table but still a plan nevertheless 

Besides, the national museum for science 
and technology, the SFP is also establish- 
iag science museums in nuniile form in the 
regional centre. 

Problem. The SFP has no museologist 
in Us personnel staff. This we hope to solve 
very soon. 

Mobile Units 

To solve the problem of distance and 
unavailability of transportation facilities 


that are persistent bariiers to a nation’s 
progress, the SFP plans to pvocuie mobile 
units equipped with science kits and gadgets, 
audio-visual aids, and projector foi show-, 
ing scientific and popular films in order to 
facilitate the promotion of science in the 
remote areas of the coiintiy hardly reached 
by other science piomotions media With 
these science mobile units operating in the 
hillside settlements swampland villages 
and sea coast barrios, the SFP hopes to 
awaken rural people to enormous possi¬ 
bilities of science and technology in im¬ 
proving their daily lives. 

Problem. Cash again Our country is 
undetgoing fiscal retrenchment and allo¬ 
cation for items as big as for mobile units 
are difficult to come by The SFP operates 
without a single official transportation 
facility. 

Solution The SFP solves this problem 
by borrowing the facilities of other agencies 
like the Presidential' Assistant on Commu¬ 
nity Development (PACD) m the regional 
areas. This, for the moment is only a stop¬ 
gap measure. The SFP hopes to get some 
transportation units from Japan through' 
the Reparations Commission or purchase 
one every fiscal year 

The Science Clubs 

Even before the Science Foundation of 
the Philippines was established or created 
by law, there have been science clubs in 
our schools. But these science clubs were 
mainly social if not political in nature. The 
science class, like biology or physics, form 
themselves into a club in order to elect their 
officers who in turn could be named dele¬ 
gates or representatives of the class to the 
science cpuncil or science congress After 
elections, the science club ceases to be and 
the aggruptation becomes a class in science 
pure and simple. 
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But these movements aie not purely 
along the lines of science and technology 
and the activities of these organizations 
are not continuing but peiiodic So, the 
SFP saw it fit to formalize the organization 
of science clubs in 1967 It succeeded in 
organizing a handful of school science 
clubs m Manila and called it the Science 
Club of the Philippines, Chapter I. There 
was much hope and enthusiasm. SFP 
officials got invited to talk in school gather¬ 
ings on the topic of organizing science 
clubs. But like our proverbial cogon grass, 
the club had a conflagrating ardor, it 
burned big and bright only to die at the 
end of a sigh 

Post-mortem examination for the club 
could reveal death as caused by several 
forces One in non-continuity of adminis¬ 
tration and direction of the SFP For 
several years the SFP was practically a 
planning and formulating office composed 
of the Board of Trustees It had no staff 
' of Its own It simply suggested projects to 
the NSDB and the latter office implemented 
the plans. Later on, a couple of years ago, 
to be exact, a handful of men formed the 
SFP staff of casual employees and carried 
but its projects with the help and coopera¬ 
tion of NSDB cash and men. With a staff 
that was very much short of the needs of 
the project's assigned to it, the SFP could 
not help but fail. ' 

Last year, the SFP had an administra¬ 
tion officer and a personnel officer plus the 
chief of what was then the promotions 
division who in turn had three casual or 
contractual employees under her The 
.science promotion-division chief organized 
science clubs in their school. This was 
done in three pilot provinces of different 
classifications After the seminar, there 
was no follow-up due to lack of man or 
personnel. 


It was like that when I entered the pic- 
ture I was then head of an office of the 
NSDB in-charge of scholarship grants for 
under-graduate science and technology cour¬ 
ses—the Science Talent Search (STS). 

Oiganizing Science Clubs. Knowing 
fully well that science promotions can be 
best realizjid through the students who are 
young and with pliable minds and no longer 
bound by the chans of centuiies old beliefs 
and superstitions—for they shalj be the 
men of then own generations—the SFP 
has elected to spend almost all its efforts 
on science clubs dynamics Through science 
clubs, students with inclination m science 
may be given more challenges and better 
direction and development. Student mem¬ 
bers of the club can develop more systema¬ 
tic • programme of activities which may lead 
to creativity and originality thus enhancing 
more interests in the various fields of science 
and technology. Besides, in science clubs, 
the individualistic attitudes of our youth 
could probably be reduced, if not eliminated 
by working cooperatively and haimoniously 
in club projects. This individualism has to 
go and be replaced by an involvement in 
scientific activities and events along with 
others With the help of zealous advisers, 
science club members could have better access 
to career information, better guidance on 
what profession to prusue m college and in 
^the development of worthwhile in science 
and technology. 

' In a southern island province of the 
Archipelago, thee conomic programme co¬ 
ordinators utilized the science clubs in the 
province in typing the soils of the different 
sites in his province. He did it at a lesser 
time and with practically no cost for the 
provincial government in the task of taking 
soil samples done by science club members. 

How the SFP Helps Organize Science 
Clubs. The SFP with the cooperation of 
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(lie Department of Education, encourages 
jnd spurs the organization of science clubs 
in schools. The first step is the holding of 
a national workshop-seminar m the 13 
regions, A region is comprised of three 
or more provinces and the cities within the 
area. Science teachers in the public and 
private schools in a region, especially the 
science club advisers, are invited to join the 
workshop-seminar. Their transportation 
fare and board and lodging are taken care 
of or underwritten by the SFP. This year’s 
topic in the workshop-seminar was “Orga¬ 
nizing and Vitalizing Science Clubs.” 

No less than 80 science teachers and 
club advisers attended each of the 
seminar held m the regional centres 
-of the country. These teachers, in turn, 
conducted each workshop-seminars in their 
respective school divisions. Teachers from 
schools with science clubs went home with 
more and better ideas on vitalizing their 
science clubs. Teachers coming from schools 
with no science club went home with ideas 
on effective ways of organizing science 
clubs of their own. And the teacher-parti¬ 
cipants in these seminars organized them¬ 
selves into the region’s science club advisers 
and science teacher-leaders organisation 
pledge to support SFP policies. 

Science clubs are of many sizes, shapes 
and hues, so to say Sometimes, m a high 
school we have the following science clubs, 
general science club, biology club, chemistry 
club, physics chib, math club, trigonometry 
club, natural club, and infinitum. Some¬ 
times, each science class or section is formed 
into a science club. How does the SFP 
deal with these clubs? 

The SFP IS not particular about the 
number of science clubs, the size of mem¬ 
bership or of what particular aspect of science 
the dub deals on The aim of the SFP is 
to have one overall science club in each 


school in the country. It is with the school 
science club that the SFP deals through the 
school head. Eventually, the SFP works 
for the organization of four subsidiaries of 
the school club—the biology, chemistry, 
physics and mathematics clubs, The other 
clubs are allowed to go on operating at any 
rate 

This is so, because the SFP is interested 
in dealing with all the clubs through these 
four subsidiaries, via the school science 
club for facility and concentration 

What incentives does the SFP give to 
these science clubs? > 

Science Quizzes and Science Fairs ^ 

Every year the SFP sponsors through 
the science club advisers organization and 
the school science clubs, science quizzes 
and science fairs on regional and national 
levels. Last year, these contests were open 
to both secondary and college students. 
But to give it more impact the SFP is limi¬ 
ting competition this year to high school 
students only. 

By January next year, these regional 
fair and quiz contests will lake place simul¬ 
taneously all ovei.the country in sites picked 
up by the regional officers. 

Contestants in the regional competitions 
are those officially declared winners in school 
level contests being held this month. 

The Science Quiz Programme is used to 
project science and develop science con¬ 
sciousness not only in the participants but 
also among the attending audience. Public 
response to these quizzes is continuous and 
enthusiastic with national and local educa¬ 
tion authoiities actively participaring m 
its planning, preparations and execution. 
Local civil authorities and civic organiza¬ 
tions likewise, extend willing suppoit to 
the quizzes 

As in the past years, quizzes aie parti- 
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cipated in by individual students in the 
subject area of their choice Theie used 
to be three subject-aieas biology, cheimstiy 
and physics Now, to emphasize techno¬ 
logy, mathematics has been added. A 
student can participate rn only one subject- 
aiea. Sets of questions aiewiitteii out and 
administered at a tune 

However, the SFP plans to change the 
lilies of the quiz competition next school 
yeai by having a team of foui science club 
membeis (each team may have alternates) 
who will answer written and oral questions 
during the quiz—as a team and not as indi¬ 
viduals This IS to emphasize not only 
mental alertness but also the abdity to work 
as members of a team 

The SFP is working on the plan to have 
a private firm or firms to sponsor the con¬ 
tests and underwrite most of its financial 
needs Seveial companies have responded 
favoniably to such a lequest fioni the SFP. 

Science Farrs provide unlimited oppor- 
tiintUes for students’ creative talents, pro¬ 
mote science consciousness not only among 
students and teachers but also among the 
public in geneial. They are effective ways 
of popularizing science and technology 
through puiposive applications of the theo¬ 
ries into practical inventions, researches, 
and studies 

The Science Fair offers two areas of 
competition: one, the physical ?i\\6. the othei, 
the biological. These fans encourage stu¬ 
dents to undertake experiments and exe¬ 
cute projects usii g their own initiative, 
imagination and analytical thinking The 
prepartion of a pioject by science club mem¬ 
bers give opportunities for group work in 
pooling their ideas and resources to achieve 
- a scientific goal Thus, these exhibits could 
be expressive of individual or group work 
Handsome cash piizes and plaques, 
medals and ceitificates aie given to' the 


winning contestants in both science quizzes 
and science' fans 

Youth Scionce Congi ess 

Anothei activity which is planned to be 
undei taken by the SFP annually is the Youth 
Science Congiess, a jamboiee of selected 
and outstanding science club members, 
science club advisers and school adminis¬ 
trators and government officials 

But before the jamboree or congiess in 
May 1971 the SFP will sponsor a sympo¬ 
sium on science chib problems and sohitiom 
to be participated by officers of the regio¬ 
nal Science Club Advisers organizations 
and the school heads and administrators 
Here, problems of science club and 
science chib adviseis on one hand and school 
heads and administrators on the othei shall 
be intelligently discussed and propel solu¬ 
tions thereto advanced by both for common 
agreement 

Science club advisers oiganization re¬ 
presentatives or delegates will subsequently 
go to the congress of science club members 
with data on science club and adviseis and 
school heads and admmistiators’ differences 
and entenls Thus, in the course of talks 
and discussions on problems of science 
club members during the Youth Science 
Congress, they can have point to stai L from 
and a corresponding point to ariive at, 
In the Congress, science club members 
and advisers will discuss their common 
problems and arrive at the proper solu¬ 
tions for them, They will also discuss feasible 
investigatory projects and plan out science 
club activities for the next school year. 
Thus, the young science potentials of 
the country pool their heads together to 
indirectly plan out a big poition of tbeir 
country’s future. 

It is also planned, that every year the 
SFP will choose 10 outstanding high school 
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students in science—one each foi the t'ollow- 
ijg subject-areas: (1) general science, 
( 2 ) general science, (3) biology. 
(-)) cliemistiy, (5) physics, (6) autlimctic, 
( 1 ) elementaly algebra, (8) advanc? algebra, 
(5) geometiy, and (10) ingDiioniclry 
Tlie aiiiionncemenL and public presenta- 
lion of these 10 outstanding students, who, 
shall be named as delegates to the Youth 
Coiigiess will be done dining the Congress 


to the award aie high academic grades in 
science and mathematics and active parti¬ 
cipation in science club activities. 

Conclusion 

Thus, I repeal that we are beginning to 
cnlci a new dimension in science education 
outside the school lOom thiough out science 
clubs. 3'hrough these clubs, we hope and 
expect to fashion out of our youths today 



^m'tiapants !n the Campus Science Wriiiitj; Seiuiiiar held on 23-27 March 1971 inBacolod city, A pilot 
project aimed to tiai/i high school and college wiileis in science writing. 


b a simple but formally impressive ceic- 
aiony where prizes and awaids will be given 
lothem. Aim in selecting the 10 outstand¬ 
ing science students is again the develop¬ 
ment of love foi science activities among 
be students of the counliy. Foi two of 
be prerequisilies for choice or nomination 


a new Filipino generation for tomorrow 
independent, self-reliant and disciplined, 
open minded, confident, courageous; no 
longer with narrow, selfish and parochial 
views but nationalistic and involved, proud 
of their own work, their own creation, their 
own achievement. 
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Today, our youth are getting imbued 
with this spiiit, this irreverance to tradition, 
this disrespect to the tried—and true—even 
with the meager science education -they 
have imbided. Through the science clubs, 
the SFP is encouraging this rebirth of the 
noble Filipino spirit, the youth’s desire 
to discover their potentials, the restiveness 
and dissatisfaction with the old mould, the 
pattern of creativeness and originality, the 
urge to break away from old moorings— of 
all which the Filipino youth could qualify. 

Today, Filipino are‘beginning to flock to 
technology schools. Agriculture is no 


longei regarded as demeaning or degrading. 
We are producing more and better crops 
through our local green revolution being 
initiated by our new and much younger and 
educated crops of farmers. 

We have engineers and our science 
schools have become tremendously presti- 
geous or popular. 

Through a close relationship with our 
Department of Education and our l^ational 
Manpower^ and Youth Council, the SFP 
IS helping direct our youth towards a pur¬ 
posive future through science chib pro¬ 
grammed activities. 



Participation of Young 
People in Programming 
and Conducting Extra- 
Scholastic Activities in 
U:S.S.R. 

S. Paramonovi 
U.S.S..R 


P mciPATtON of young people in 
scientific and teclmiciil creative efforts 
today, has assumed a massive, organised and 
pvrposeful nature 

The transition in the Soviet Union to 
,,tiiiiveisal secondary 10-ycar schooling is 
accompanied by the increase in the role of 
school in communist construction Parti¬ 
cular attention is paid today to the necessity 
of the secondary education reflecting the 
demands of developnrent of modern science, 
engineering and culture. In this connection 
Ihe schools of the Soviet Union have adop¬ 
ted new curricula, 

On the contemporary stage of develop¬ 
ment of socialist society one should not 
only s6e what the individuality of new man 
is to he like, hut also should clearly see, by 
which ways and means it could be achieved. 

Paper presented at Unesco Regional Seminar 
for the Leaders of Youth Science Activitie.s, New 
from 14 to 18 December 1970 


Therefore the efforts of experts working 
in diverse branches of science are actively 
directed at achieving a more thorough under- - 
standing of man’s nature, the nature of a 
child and an adolescent, and of their rela¬ 
tions with modern society, as well as at 
searching foi ways of increasing the effec¬ 
tiveness of all the factors in the upbringing 
of man, significant in forming his 
nature. 

The prophetical words of Karl Marx 
are well known, to the effect that with the 
substitution of communist relations for 
capitalist ones the wealth of society will be 
measured by the amount of man’s leisure, 
but not working time, that is, of the time 
he will be using to restore his physical and 
moral energy and to improve his knowledge 
and abilities, as well as for his moral per¬ 
fection Rational utilization of leisure 
time by working people is a most impor¬ 
tant task, and the school is to play quite a 
significant role in fulfilling this task While 
rationally organising the school pupils’ 
activities in their leisure time and inculca¬ 
ting in them the habits of a cultural orga¬ 
nisation of their leisure activities, we not 
only increase the effectiveness of the process 
of upbringing children at school, but also 
create the necessary prerequisites for the 
process of all-round development of man’s 
individuality to be most productive in his 
mature years, that is, when he will be 
independently organising the process of 
his relations with other people, as 
well as with the world of science, arts, 
and culture, with nature, and with his 
environment. 

However, self-education can be guided; 
We cannot be indifferent as to the direction 
that process takes, or to its results. So 
how IS interconnection of the child’s up¬ 
bringing at school and outside it to be guaran¬ 
teed, that IS, the upbringing by the school 
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and the family, by the teacher, the parents, 
and the society 

In the first place, the period of upbring¬ 
ing under the guidance of teachers should 
be prolonged. 

It IS this very demand that has entailed 
the setting up in the Soviet Union of boarding 
schools, schools and classes of longer school- 
day, Young Pioneer and other camps, and 
of quite a network ofextia-scholastic estab¬ 
lishments. With this aim m view we are 
also searching for various forms of orga¬ 
nisation of work among pupils at or near 
their hoftie. 

The problem of organising extra-curri¬ 
cular activities of childien, fai from being 
a new one, has been ^of interest to piogres- 
sive pedagogues for a long time Ushmsky, 
the famous pedagogue of old time, wiote 
more than a century ago, that if man does 
not know what to do throughout the day, 
his head, and heart, and moral are spoilt. 

Maxim Gorky, a great wiiter of our 
epoch, ms if developing the same thought, 
said that a day should be viewed as a small 
life, and therefore one should check up, 
what that small life abounds m 

It depends on the teacher to a great 
extent, what the pupil will do in his spare 
time: will he do something useful for him¬ 
self, for his fiiends and foi society, or will 
he be looking for dubious entertainment. 

It is quite well known that whenever the 
child or adolescent has found an activity 
of personal interest to him, his knowledge 
grown deeper, and creative activity is intensi¬ 
fied. School children acquire even new 
interest in knowledge, science and books, 
while fulfilling diverse tasks set before them- 
by reserarch iiistitutes and other establish¬ 
ments, while compiling soil maps, solving 
difficult problems, working on technical 
innovations, taking part in hiking tours to 
study ,the history of native region, and > 


participating in sports competitions and 
amateur art circles. 

Pupils gam vast knowledge in literature, 
history, mathematics and biology while 
working at various clubs and societies, 
taking part in disputes and discussions, in 
the work of political circles and theoretical 
seminal s, as well as in the process of experi¬ 
mental work; many work habits are acquired 
while engaged in activities of social utility 
at pupils Production Teams, at school 
workshops, etc. 

With the significant aim in view of deve¬ 
loping the interests and abilities of school 
children, optional courses were introduced 
at schools thioughouL the Soviet Union, 

The optional courses being not obligatory, 
their programmes could be either connec¬ 
ted, or could have nothing to do with the 
cuiriculum; they could be devoted to mathe¬ 
matics and computers radio and electricity, 
biology, agrobiology, chemistry and techno¬ 
logy, or to music, literature and the arts. 
However, no matter what the subject of the 
course, it broadens and deepens the know¬ 
ledge of the pupils, and to a certain extent 
helps them choose their path in life, and 
their future profession 

Pupils spend at school not more than 
25 to 30 hours a week, the rest of the time 
belonging to out-of-school activities, to, 
one’s hobby and being their leisure time. 

Out-of-school activities are organised 
on a voluntary basis. The law at school 
IS as follows: you must, you should—the 
pupil has to be at school on time whether 
he likes it or not, he must do the homework 
whether he wants or not. The 6ut-of-school 
activities being organised on a voluntary 
basis, the pupil will attend the sessions of 
his circle if he like his work there, but if 
he does not, then he won’t, and nobody 
would force him to. Therefore it is necesary 
for extra-scholastic activities to be only 
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meaningful, but by all means absorbing, 
and imbued with the spirit of interesting 
itiventures, and creative spirit. 

The main directions in such,work should 
be experimenting, seaiching, designing, 
inventing, and doing research. 

In recent years’ th6 extra-curricular work 
among pupils has grown more massive, 
diverse, and has over-stepped the limits of 
both school and even out-of-school establish¬ 
ments. 

Circles have been substituted by specia¬ 
lized clubs, pupil’s scientific societies, 
museums, and lecture halls. 

The pupils who possess particular 
liking for engineering are visiting and 
studying at plant designing bureaus and 
research institutes, and conducting research 
work within their ability. 

Instead of the literature and drama 
circles of the past, with their small number 
of members, new creative. literary societies 
of school pupils haVe been set up, as well as 
youth amateur theatres. 

Hiking tours to an ever greatei extent 
assume the character of scientific expedi¬ 
tions, fulfilling the tasks set by geological 
departments, museums of history, aud re¬ 
search institutes. 

The results obtained by pupils after 
experimenting on school plots of land are 
widely used in agriculture, while geological 
groups are sent to stap natural resources, 
discovered by young geologists. 

Senior from pupils themselves are equip¬ 
ping modern study rooms at their school 
tvith the latest instruments and teaching 
aids, and ar.e assisting enterprises and collec¬ 
tive farms in their work and in assisting 
interpiises and collective farms in their 
work and in fulfilling state planned quotas. 

The task today is to facilitate the work 
of technical and scientific circles, sections, 
dubs and societies for all school pupils. 


and not only for those new chosen, gifted 
children and adolescents. Our schools see 
their aim not only in giving their pupils a 
good education, bi^t also to inculcate in 
them an enthusiastic attitude to a branch 
of knowledge, and an interest in the process 
of technical creation. 

We do not think that all of them will 
become scientists or designers. We-are sure 
however, that in our time any job should 
be approached fiom positions of an inno¬ 
vator or researcher. 

SchooTpupils are reaching out for modern 
engineering. The engineering of yesterday 
just won’t do for them. So it is not acci¬ 
dental that most popnlat among them are 
the circlea of radio fans, automation, cyber¬ 
netics, 'and others, having to do with the 
latest achievements in science and engi¬ 
neering. As a rule, there are circles at 
every school, but one single school cannot 
always comply with all the requests of its^ 
pupils. In such cases several schools pool 
their efforts, and set up the societies of young 
mathematicians, physicists, chemists, or 
various scientific associations of pupils, and 
technical circles. 

Ever more often Soviet pupils are con¬ 
duct in their extra-scholastic activities ‘ at 
different enterprises, laboratories, research 
institutes, establishments, higher educa¬ 
tional 'institutions, or cultural establish¬ 
ments, with scientists, engineers, techni¬ 
cians, and figures in the field of culture and 
arts taking part. Schools of young mathe¬ 
maticians, physicists, 'chemists, biologists, 
and children’s sports schools, are functioning 
successfully at many colleges. 

Thus, in the city of Urkutsk the Znaniye, 
or knowledge, City Pupil’s Society has been 
active since 1963 when it was set up., It 
has 22 sections with 1600 schools pupils 
attending. The diversity of the pupils in¬ 
terests is reflected in the very list of the sec- 
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tions. the astronomy section, those of 
physics and mathematics, medicine, law, 
history and local lore, and others. 

The section of medicine functions at the 
chairs and clinics of the Medical Institute 
and other health establishments; the astro¬ 
nomical section is working at the plane¬ 
tarium; the archeology section—at the 
Local Lore Museum; that of international 
affairs—at the Political Education House, 
the section of literature and journalism—at 
the University and at the editorial board of 
the Sovetskaya Molodyozh (or Soviet 
Youth) periodical; the law section is func¬ 
tioning at the taw chair in the University; 
the geogiaphy section—at the Geography 
Institute of the Soviet Academy of Sciences; 
the pedagogical section—at the Pedagpgical 
Institute; and so on. 

Leading scientists of the Institutes of 
East Siberian Branch of the Academy of 
^ Sciences of the USSR and of other research 
institutions .are taking part m the work of 
the sections, and are guiding the pupil’s 
activities, 

More than a thousand scientists, engi¬ 
neers, and specialists in, the most diverse 
fields of knowldge are participating in the 
Society’s work in their spare time,' getting 
no remuneration for that. 

In the industrial city of Chelyabinsk such 
work of pupils in the field of engineering is a 
significant factor in preparing the children 
and adolescents for their participa¬ 
tion in the progress of science and 
engineering. 

Very interesting is the work of primary 
technical modelling circles, united'in the 
Club names Shouroup (or Screw). Mem^ 
bers of the Clhb, pupils of 7 to 10 years of 
age, are mastering the -elements of engi¬ 
neering, and acquire the habits they will 
need when working at the middle and senior 
stage technical circles, Attention in techni¬ 


cal circles IS focussed on the development of 
designing habit in the pupils 

A Pupil’s Scientific Society is also func¬ 
tioning here.. It has 32 sections and groups 
whose working is guided by more than 
100 scientists, college instructors,rese ai- 
chcrs and the best teachers of Chelyabinsk 
with Dr. Rakov, Pro-Rector for Science 
of the City Pedagogical Institute. 

Many achievembnts of young researchers 
are of significant theoretical and practical 
interest. Thus, the chemistry section mem¬ 
bers have elaborated technological Processes 
and methods' .of obtaining much needed 
chemical agents, and established the law of 
action of new metal corrosion indicators; 
both are now made use of in industry. 

The young chemists of School No. 92 
in the city of Chelyabinsk have conducted 
systematic analyses of water in the Miass 
river and in Lake Smolmo for the level 
of population, .and have helped the 
“Solnechny’ and “Lazurny” state farms by 
making an analysis of their soil and drawing 
soil maps of their fields. 

The young biologists of School No, 108 
in the City took part in the work of the 
Chelyabinsk Fiuit and ■ Vegatable Station 
named after Ivan Michurin, and studied the 
local distribution of the various sorts of 
apple and pear trees for the Chelyabinsk 
Region in connection with the develop¬ 
ment of fruit growing in the South of the 
XTrals. They have also analysed the chemical 
composition of apples and' pears, grown in 
one and the same year. 

Arrangement of Science Days for school 
pupils with participation of scientists is an 
efifective method of promoting the d-eve- 
• lopmenl of the urge to acquire more know¬ 
ledge in the pupils, this is also achieved 
through setting jip branches of every sec¬ 
tion of the City Pupils’ Scientific Society 
at the schools lu the city and throughout 
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[he Region, which broadens the scope of 
its activities, besides. There are 12 branches 
functioning today at Pupils’ Scientific Socie¬ 
ties. 

The Pupil’s Scientific Society enables 
the pupil both to master the extra-curri¬ 
cular material, and trams him or her to be 
an aetive populariser of science; it involves 
the senibr formers in research work and in¬ 
vention contributes to their getting acquain¬ 
ted with available . ways and methods of 
research; kindles the interest in reading 
specialized books on a certain subject; and 
teaches the pupil the methods of indepen¬ 
dent work with literature. 

Over a period of seven years the Society 
members' have conducted more than 500 
works under the guidance of scientists. Part 
of the works have been published m three 
issues of Yuni Issledovatel (or Young 
Researcher), in the Khimiya i Zhizn 
magzine (or Chemistry and life), and in 
other periodicals 

Eighty-one per cent of Society members 
choose professions later on, closely connec¬ 
ted with their field of work at the Society. 
Having started their studies at a college or 
their work at an enterprise, they join Student 
Scientific Societies, make innovations and 
inventions 

The character of work of the Minor Aca¬ 
demy of Sciences “Iskatel” (or Seeker) in 
the Crimea is similar to that just described 
There are 20 sections with about 600 mem¬ 
bers, All in all, beside the Minor Academy 
members and candidates, 4500 pupils are 
taking part in the work of the sections. 
The name of the society—the Minor Aca¬ 
demy of Science-impresses the children and 
adolescents who are in need of a game where 
they could pose as grown-ups. 

The Minor Academy of Sciences has the 
sections of mathematics, physics, cyber¬ 
netics, astronomy, chemistry, biology, his- 
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tory, and local lore, engineering, and a 
press centre. 

Every section has its branches in the 
cities, towns an'd villages in the Crimea- 
in Kerch, Sudak, Yvepatoriya, Yalta, and 
others. 

The pupils themselves award 'the titles 
of Minor Academy Member or Candidate, 
the demands being very exacting. Thus, 
out of the 150 pupils regularly working at 
the cybernetics section in the town of Sim- 
ferpol, only 7 are members, and 9 Candi¬ 
dates of the Minor Ajcademy of Science 
(or MAS) 

To be awarded the title of MAS Candi¬ 
date, and later on its member the pupil 
must work at the circle or society and have 
his or her original woiks, their nature depen¬ 
ding on the section; the works can be practi¬ 
cal in the biology section (observation of 
animals^ experiments with plants), while 
only those pupils who have scored successes 
ID mathematics o]ympaids''could be awarded 
the Candidate or Member titles by the 
mathematics section (3 times 3rd place, or 
t\yiCe 2nd place, or one 1st place). 

As a rule, MAS members are authors 
of original works. In the years the MAS 
has been in existence, the MAS members 
working in the cybernetics and astronomy 
sections alone have published more than 
20 scientific works. ■ The Iskatel Minor^ 
Academy of Sciences m the Crimea foi the 
past two years has been taking part in the 
annual intercollege Students’ Conference 
and several works by MAS members 
have been reported at Republican 
Conferences. 

The best works by MAS members are 
presented at Republican and All-Umon 
Exhibitions. 

In recent years thd MAS Iskatel has been 
awarded with 29 Medals of the Soviet Eco¬ 
nomic Achie.vements Exhibition and with 
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a great number of Diplomas at various other 
Exhibitions. 

Nearly 300 young astronomers are 
conducting a very serious' and responsible 
work; thus for instance, they have taken 
part in meteorite observations within the 
framework of the programme of the Inter¬ 
national Quiet Sun Year. They have regis¬ 
tered about thirty thousand meteorites. Be¬ 
sides, they conduct observations of planets 
under the guidance of Professor Prokofyev 
of the Crimean Astrophysics Observatory. 

The Minor Academy of Sciences was 
the first to organise on a systematic basis 
the acquaintance of pupils with the ideas 
and apparatus of cybernetics in accordance 
with the plane elaborated by the Young 
Researchers’ Council of the Cybernetics 
Institute of the Academy of Sciences of the 
Ukramd, with due regard to the necessity 
of more thorough studying of certain sub- 
jectsan the school curricula for mathematics, 
physics and elec'tro-engineering. 

Good training promotes the broadening 
of the scale of technical innovations and 
modelling by the pupils in the'field of cyber¬ 
netics. More than 400 pupils have studied 
at the cybernetics school. 

The MAS Council has announced ad¬ 
mission to its Correspondence School for 
Young Cybernetics Fans in the Crimea. 
More than 120 applications have been re¬ 
ceived up to date. 

The MAS cybernetics section members 
have recently designed and made various 
installations, automats and models, and 
among them the “Kostyor” and '“Iskra” 
(or Campfire and Spark) computers, the 
playing automats ‘‘Mouse in Labyrinth” 
“Examiners”, “Coaches”; a large set of 
visual aids instruments producing models 
of behaviouristic traits of live organisers, 
and teaching automats 

The MAS cybernetics section has aroused 


interest both in the Soviet Union and abroad, 
The book The ABC of Cybernetics by 
■Kasatkin, published by the Moladaya Gvar- 
*dia (or Young Guard) in 1969, was a year 
later published in Tokyo in a large number 
of copies, and is to come off the press soon in 
Bulgaria. 

The biologists in the town of Fedosia 
are fulfilling the request of the Institute of 
Southern Seas’ Biology, studying the species 
of fishes in the Black Sea, and the biology 
of delphins. 

Local Lore fans, working for 2 months 
that past summer under the guidance of 
the researchers of the Archaeology Insti¬ 
tute of the Ukrainian Academy of Sciences 
and of the Khersones Museum, have been 
conducting excavations of the outskirts 
of Sebastopol, on the former site of Kher¬ 
sones, an ancient town They excavated a 
3-metre layer of earth on a territory of 800 
square metres, having found 7 ancient inter¬ 
ments with various articles and coins, they 
have obtained quite a collection of am- 
phoras and other vessels, a Greek inscrip¬ 
tion on a marble slab was excavated, as well 
as reliefs of the ancient Greek God Dionisus. 

Academician Kolmogorov visited the 
mathematics section in January 1969. He 
met MAS members and candidates the 
best mathematicians from the school of the 
Crimean Region. Thus the meeting be¬ 
came another session of the mathematics 
section, with Academician Kolmogorov 
delivering several lectures, conducting a 
talk concerning the profession of mathema¬ 
tician, and answered 'the pupils’ questions, 

It should be mentioned while on the 
subject, that the members of the sec¬ 
tion are as a rule admitted to the physics 
and mathematics departments of the best 
higher educational establishments in the 
Soviet Union, and aie studying there success¬ 
fully 
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Pupil’s Designing Bureaus are function¬ 
ing in many schools m the country The 
town of Magadan alone has such Bureaus 
at 18 schools 

hngineer-technologist Nefyodov heads 
the school' Designing Bureau at School 
No. 1. The school workshop has 23 metal- 
processing machine-tools, of which many 
were 'presented to the School by various 
enterprises, then were modernized by the 
pupils themselves, and are now success¬ 
fully used, 

The pupils have designed and built metal- 
processrng machine-tools for electrotem- 
pering and, on that basis, electroacoustic 
ones, as w»ll as spot welding apparatus, 
and a cam gear press for cutting out washeis, 
and bending hinges for school desks. 

The experience of School No. 94 m the 
city of Ufa dhows that a vast assistance can 
be given to school by its pupils’ parents, 
and how much can be achieved if the effoits 
are pooled of the teachers, pupils, and the 
parents of pupils. 

The total number of pupils at the school 
being about 2000, there are 1700 Members 
of the 100 circles Seventy-two teachers, 
30 parents, and 30 senior from pupils arc 
guiding the work of the circles at the school. 

Naturally the entire extras cholastic work 
of children and young people is inconceivable 
without the participation and guidance of 
teachers and instructors, scientists, the pupils’ 
parents, and the public in general 

Thus, ■ the Headquarters from Scientific 
and Technical Youth Activities' has been 
set up at the Central Committee of the 
All-Union Leninist Young Communist 
teague, with the aim of popularisation and 
development of children’s technical creative 
abilities. Annual All-Union Exhibitions 
are held, whose inotto is Young Creators 
and Seekers, The best works m all fields 
uf science and engineering earn for their 


authors gold medals, and are exhibited at 
the Soviet Economic Achievements Exhibi¬ 
tion m Moscow 

In 1969 and 1970 an All-Union Competi¬ 
tion was held, called “Created by the Youth”. 
It was organised by the All-Union Trade 
Union Council, the Central Committee of 
the Leninist Young Communist League, and 
the Ministries of Culture and Education of 
the USSR '• 

' The competition was aimed at: (1) in¬ 
creasing the Young Pioneers’ and pupils’ 
urge to obtain knowledge about the break¬ 
throughs and achievements in the contem¬ 
porary science and engineering, culture and 
the arts, developing the children’s and 
adolescents’ abilities, and (2) broadening 
the network of technical and other circles, 
creative clubs, perfecting both the forms 
and purpose of the scientific and technical 
work among children, increasing its public 
use,* better preparing pupils for their inde¬ 
pendent working life, and inculcate in 
them a creative attitude to acquisition of 
knowledge. 

The winners of the competition are to 
fake part in the All-Union Exhibition “Crea¬ 
ted by the Youth” in Moscow, at the Soviet 
Economic Achievements Exhibition in Mos¬ 
cow they will be awarded special’Diplomas, 
and Medals “To Winners in Competition” 
‘Created by the Youth’. 

For the young people Interested in the 
latest achievements m the fields of science, 
engineering, electronics and radio-electro¬ 
nics, cybernetics, chemistry, biology., and 
the jother, various technical magazines are 
published in 'the Soviet Union, such as 
“Modelist Konstrucktor” or Model Desig¬ 
ner, “Tekhnika Moladyozhi” or Engineering 
for youth, “Young Teknik” or Young Techni¬ 
cian, a library for those who ■do it them¬ 
selves, “Znamya-Sila” - or Knowledge Is 
Power, “Radio”, “Quant”, “Nau^a i Zbizn” 
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or Science and life, and so on. Young 
Technicians’ Stations have been set up m all 
cities and central towns of Regions in the 

Country. ^ 

Future grows out of the children of to¬ 


day, it lives as the natural tontinuation of 
the present, just like the present has grown 
out of the past. 

We are getting ready for the future,'since 
we| will be its masters. 



Some Suggested 
Out-of-School 
Science Activities 


Science Clubs 

I N a great number of developing 
countries, Science Clubs appear as 
being the major method used for the deve¬ 
lopment of out-of-school science activities. 

In this way, for Latin America, according 
to a statement for ten countries, science 
clubs exist in eight countiies, and there is 
a project in a ninth one. 

The purposes of the science clubs are to , 
braw the youth’s interest for science; to 
increase their capacity, at the primary and 
secondary level, to** learn the scientific 
'natters which are taught; to make the youth 
■more familiar with the laboratory words 
nnd to give them the opportunity to achieve, 
among others, biological, chemical and 
physical experiments, to give them the 


opportunity to leain by themselves, to 
develop their experimental capacities and 
skills to explore their vocations, capacities 
and originalities; to direct the young people 
to their university to technical vocation; 
and to help them to have a better under¬ 
standing of science, of the place it has in 
modern life and of its influence' on the 
development of the country. 

From the first years of teaching, it may 
-be thought of having the youth participate 
m out-of-school activities, because at the 
primary level, at the age of observation, 
It is useful to valorize their curiosity. 

At the higher secondary level, (grammar 
schools) and colleges the young people must 
define their future career, and m this way, 
the out-of-school activities are particularly 
important for them, 

Fop: those who want to go on in uni¬ 
versity, it IS useful to know what is done in 
the universities, and to have contacts with 
their teachers. For this category of young 
people, the science club must allow to 
achieve experiments on a higher degree, to 
learn to express themselves properly in 
scientific terms, and to present a work in 
public, _ 

In the developing countries, the science 
clubs are organized under different forms 
and generally remain linked to the school 
or group which constituted them. 

For instance, in Bolivia, there is, among 
others, a Science Club at La Paz, of which 
the Colegio Evangelico Metodistdel Instituto 
Americano is responsible, and at Cocha¬ 
bamba, the Centro Experimental sky Pilots 
(CESP), private institution devoted to out- 
of-school science activities, whereas in Peru 
the Club de Ciencias d^l Instituto Pedagogico 
Nacional de Varones is specialized m bio¬ 
logy and chemistry, and that in Venezuela, 
the Sociedad de Ciencias Naturales La Salle 
IS concerned with natural sciences, and the 
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Associacion de Estudiantes de Ciencias 
Luis Pasteur with microbiology. 

All the young people, interested in 
scieiice, can become members of those 
clubs. Generally, a teacher in science is 
appointed to organize and manage the club 
and to orientate the wo'iks. In ordet to 
give them the opportunity to show their 
sense of responsibility, the young people 
participate in the direction of the club. 

In this way for instance, in the Republic 
of Rwanda, participation of young people 
in the activities of Jeunes-Science du 
Rwanda is guaranteed in the following way 
a leader (specialist) presents a programme 
of activities, Ihe young people discuss the 
project, sometimes and some items, and 
define the order of priority. The achieve¬ 
ment of the project is made by the young 
people, under the direction of the leader(s). 

This problem of participation has already 
been studied by ICC under the title; “Parti¬ 
cipation of young people in the planning 
and achievement of youth out-of-school 
science activities”. 

It may be thought of the creation either 
of a ‘general club’ , which covers various 
science fields; however the members may 
be into working groups (e.g, physics, 
chemistry, biology, astronomy or of a 
‘specialized club’ with a determined pro¬ 
gramme m a particular field. The specia¬ 
lization of tfie club, makes, to some extent 
its organization and the possible equip¬ 
ment of the laboratory easier, and precises 
the work of the leader 

The Mouvement Jeunes-Science of Tunis 
is an example of ‘general club’. In its 
central office ^at Tunis, it has, principally, 
a room for chemistry, one for natural 
sciences, one for physics-electronics, one 
work-room for mechanics and two collecti¬ 
on halls. ' 

We can mention a few, examples of 


‘specialized clubs’: for Brazil the Club 
Campo Belo at Sao Paulo, specialized in 
mineralogy; the Club Fiil at Sao Paulo 
for animal psychology, the Centro Ae 
pesquisa espacial at Fortaleza, for space 
research 

At the primary level, the activities of the 
club are basically experimental. 'Their 
purpose ’is to teach young pepple to dis¬ 
cover. At the lower secondary level (from 
12 to 16) young people start with the sys¬ 
tematical study of sciences, it seems to be 
useful to bring a supplement to the thoreti- 
cal teaching. The activities which are 
adopted involve the visit of science museums; 
planetariums,.. . , and science camps 

(for the study of geography, geology,,,,,), 
The interest of the young people is 
created by discussions, debates, competi¬ 
tions, interschool meetings, conferences and 
lectures, interschool science fairs, the' 
publishing of information and ’ science 
bulletins, visits of concerns with science 
interest, science films, works with "kits" 
and sometimes their manufacture, the 
manufacture of models and science devices, 
As to the orientation of the programme 
of the club, the Mouvernent Jeunes-Science 
de Tumsie is an interesting example. For 
this club, the works are classified into three 
groups. 

Easy works, the originality of which will 
interest young people; 

Specialized works (photomiciography, 
polarizing, microscope etc.,) 
Important works wanting and thorough 
study and the cooperation of lecturers 
and specialists, teachers and technicians 
during a long period. 

A non exhaustive list of themes is set 
up and submitted to the Scientific Council, 
For instance, in 1968, it contained: the 
study of building materials fatigue and of the 
corrosion; the study of quarries and mate- 
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rials th& establishment of geological maps^ 
the introduction to petrography, the sea 
currents, the under ground watercourses 
felling and the seasonal migrations of fish; 
the problem of water, the problem of 
afforestation, sod formation, parasitology 
aad biological struggle, various agricultu¬ 
ral problems. ' , 

In elettronics, by practical works, the 
young people are initiated to theory and 
technology A progression is always 
adopted for the achievement of the first 
mitiation 'periods, theoretical presentat^n, 
function of components, setting up of 
diagrams, realization of various circuits, 
experiments and measurements, setting up 
of circuits. During the first steps of ini¬ 
tiation, works were made such as the study 
and the assembling of a television set of a 
transceiver. 

But in numerous countiies, the long¬ 
term success of the science clubs .largely 
depends on the financial resouices, the 
laboratory equipments, the available place, 
the leaders’ initiative. 

If, at the primary education level, a 
simple room without equipment and a few 
“kits’ already enable an interesting work, 
if only visits of natural sites can improve 
the knowledge (analysis of trees, animals, 

.) on the contrary, at the higher levels, a 
more elaborate equipment 15 often necessary 
An interesting sqlution of this problem 
seems to us to be the one adopted in. India, 
where ‘Science Centres’ Put at the clubs’ 
disposal scientific eqmpr^ients for demons¬ 
tration. 

Ghana, Rwanda and Senegal have under¬ 
lined the msufficiency of the full-time 
available rooms. 

Another problem of the developing 
coilntries consists in having the themes of 
projects for the science activities in- the 
dubs, 


Indeed, if numerous young people have 
capacities to work and to carry out a 
scientific projects, it is not always easy for 
them to find subjects 0 ^ studies. So, one 
has to suggest them ideas and to see to give 
them a sufficient knowledge of the object 
of the proposed work a certain harmoni¬ 
zation between the school and out-of-school 
activities can-be profitable m that way 
The planning of the two education 
systems should also take into account the 
national economic priorities and allow 
the young people to participate actively m 
the scientific evolution of their society. 

In India, at the primary education level, 
“science consultants” visit the primary 
schools and'organize meetings of teachers 
with a view to exchange ideas on the methods 
of science teaching and to advise the reali¬ 
zation of some experiments. Science 
Lectures for primary school teachers are, 
periodically organized on a regional ha'sis, 
as well as science camps at the district 
level.' 

That system of ‘science consultants’ 
joins the ICC proposal to institutionalize 
the training and the exchanges of leaders 
for scientific initiation, in -order that the 
normal working of the clubs do not depend 
upon the abilities of tempoiary leaders 

As one must assure a certain permanence 
of the school staff, one should assure a greater 
permanence of the responsible staff for o\it- 
of-school activities. 

Science Competitions and Science Fairs 

In most of the developing countries, 
science cpmpetitio'ns and science fairs are 
organized m order to promote the interest 
of youth for science by bringing them an 
additional motivation. 

According to a statement made for 10 
Latin-American countries, it appears thai 
science exhibitions 'are organized m all 
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those coiintiies. Brazil also oiganizes 
science congresses of young people. Science 
olympiads devoted to mathematics, and 
sometimes to biology, are held in 6 
countries. 

The science clubs or school teachers take 
generally the initiative to organize a science 
fair, consideiing the interest to encourage 
youth to undertake the realization of pro¬ 
jects fo be presented to the pi^blic, the 
patronage of those events being assured by 
various institutions. * 

For instance, in Argentina, in 1969, the 
Segmda Feria de la Capital Federal (Second 
Science Fair of the Federal Capital), was 
organized by the Escula National de Comer- 
cio JVOa Hipolito Vieytes, under the aus¬ 
pices of the Secret aria de Est'ado de Culturay 
Education, and the Terceria Feria National 
de Ciencias (Third National Science Fair) 
was organized in Cordoba by the Institute 
de Mathematica, Astronomia y Fisca of the 
National University of Cordoba, under the 
auspices of the Instituto National para el 
Mejoramienti de la Ensenaza de las Ciencias, 
of the Adininistraction Nacional de Educa¬ 
tion Media y Superior, of the Consejo 
National de Education Technical and, of the 
Superintendencia National de Ensenanza 
Privada., 

In Bolivia, in 1968, the Feria de Ciencias 
de La Paz (Science Fair of La Paz) was 
organized. Thanks to the patronage of the 
Centro Renovadoi de la Ensenanza de la 
Matematica, of the Centro Experimental 
Sky Pilots, of the Federacion Departmental 
de Maestros of the Instituto Americano and 
of iht ASolegio.Nacional de Calacoio. 

In Singapore, ip 1969, the Science 
Teachers’ Association of Singapore took 
the initiative to-organize a science fair. 

' This method consists in an exhibition of 
science projects realized by the pupils of 
primary and secondary schools. 'Those 


pupils explain to the public the fimciameiital 
points of their work and show the devices 
and main elements of their experiments as 
well as boards with diagrams and conclu¬ 
sions. According to-the regulations-each 
project may be achieved by one pupil of by 
a group of pupils 

Most of the time the projects are pre¬ 
sented in such a way that they can be under¬ 
stood by the non-mitiated. They are judged 
by teachers, the appreciation of the works 
being based first upon the quality of the 
wo|k realized and upon the understanding 
acquired by the pupil on the theme; one will 
be more generally interested by the original 
idea and the creative thinking than by the 
visual presentation gnd by details of 
completion. 

The organizing coifncil awards, the 
winners’ work. (This is an example of 
project of distribution of points; creative 
activity, 30 points, scientific thought: 30 
p.oints, thoroughness: 10 points, skill: 
10 points, clarity. 10 points, interest of the 
public. 10 points—total- 100 points.) 

These science fairs aim, among others, 
at giving the possibility to young people 
to acquire the confidence in their own 
achievements, having clever suppositions, 
programming the experiments, formulat¬ 
ing and estimating hypothesis, communicat¬ 
ing clearly and discussing their ideas 

The Public Exhibition of the Works is 
the top event of every educative process. 
However, it is not an end, but a means that 
obliges all the candidates to make concrete 
work and to polish the details in order to 
be able to present it at a fixed date. 

It stimulates the interest for science by 
an individual initiative, the student choos¬ 
ing the subject best adapted to his scienti¬ 
fic interests. So, the young people are 
aware of the problems and rewards of the 
scientific research, and acquire a new respect 
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of the exactness' and relativity of ihe 

I 

results. 

What is important for the developing 
' countries, is that the young authority are not 
only valorized to the education institutions, ■ 
but also to the national as well as- inter¬ 
national community. The winners may 
sometimes receive scholarships to go abroad. 
Moreover, the young people have the 
opportunity of pontacting national or 
foreign science personalities and other'' 
foreign students. 

Finally, essential point for their social 
role in' the developing countries, they also 
directly participate in the diffusion of the 
scientific future of their country. 

Considering the proposed objectives, it 
may be thought that the work must be 
(experimental on a theme'that enables the 
young people to learn by himself. The 
attention is also drawn on the method of 
investigation and systematization to ac¬ 
quire in order to realize those experi¬ 
ments 

It IS noticed that the works" presented m 
the science fairs of the developing countries 
are varied, the subjects concerning spe¬ 
cialities such as astronomy, anthropology; 
biology, physics, chemistry, pure and 
applied mathematics, technology,. . 

The young people present not only 
theoretical projects (e.g., the applications 
of Boole’s algebra), but also projects directly 
related to the realities of social and economic 
development (e g., comparison of the growth 
of food plants m various soils). 

We think it extremely useful to realize 
a publication giving the titles of the subjects 
that have already^been studied by thou¬ 
sands" of young people during these last 
years. This would be a source of inspira¬ 
tion for young people deeply interested in 
science and technology. 

The preparation of the project is made 


during the leisuie time, outside the school 
hours. That preparation, however, cannot 
be an obstacle to the normal development of 
the studies, either interrupt . the school 
tasks (except during the interregional or 
national fairs). 

In order to be allowed to participate in 
a local exhibition, the author of a work 
contacts his teacher in science who trans¬ 
mits the registration to the organizers. 

The role of the science teachers is 
essential for that type of out-of-sc^opl 
activities. That teacher will encourage his 
students, to start works, will raise their . 
enthusiasm and their curiosity, and will 
be their guide, an adviser, but never their 
assistant. He will have to promote the re- 
hzation of a school fair in his city and bring 
his support to othei colleagues to form the 
organizing commission. In several docu¬ 
ments received from the developing coun¬ 
tries, it is underlined that the teacher may 
not help directly to the realization of pro¬ 
jects, but on the contrary, he may suggest 
subjects of projects, discuss the qualities 
and deficience's of the project, suggest modi¬ 
fications in the sense of being a collective 
task and which characterizes the scientific 
attitude 

The science fairs are organized at 
various levels, i e, the local, regional, 
interregional, national and international 
fairs. 

The local exhibition is the easiest to 
organize. However, for the developing 
countries, it plays a very important social 
1 ole, for, thanks to family links, it allows the 
establishment of the contact with the pare¬ 
nts and the'stimulation of the interest for 
science. So, the young people participate 
directly in the diffusion of the scientific mind 
m their social environment end if we take 
the case of the rural^environment, they can, 
among others, contribute to the initiation 
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of adults to modern techniques of agri¬ 
culture and breeding, 

Concerning the other types of fairs and 
competitions, (science talent search), the 
very principle of ‘selection’ of candidates 
confers to these activities a more ‘indi¬ 
vidualist’ objective aiming _ more at the 
scientific development of the young man, 
in its proper particularity, the general 
objective being the detection of young 
talents, the formation of a scientific 
ehtg. 

It is also necessary to assure a sufficient 
publicity to those out-of-schooI science com¬ 
petitions, and science fairs (by the radio, 
the television, the'press, etc.), in order 
to inform the public of the existence and 
the possibilities of out-of-school science 
activities, to mtei*est the parents in the 
works of youth, to promote’the recognition 
of the young winners. 

Camps and Science Courses 

Camps, tented or permanent, are mainly 
organized to teach application of, science 
to nature, and to acquaint participants with 
general ecology of the particular region and 
the place of theirs peciality within it: 
botany, zoology, physics, geography, anthro- 
pogeography (sociology), geology, meteor¬ 
ology, chemistry 

Themes can easily and usefully be chosen 
m order to support the social and economic 
development of the regions that have been 
vjsited, and this in an interbranch sense. 
Let us mention for instance' “Water”, “Soil 
erosion” .. 

The courses gather young people, mainly 
during the holidays, in order to work m the 
school, university or industrial laboratories 
(physics, chemistry, biology, astronautics..). 
Once more, themes can be usefully chosen 
among the important problems humanity 
has to face, principally the environment 


pollution, the green revolution (the hunger 
problem), the demographic explosion,., ' 
Some ICC member associations,! for 
instance, the Mouvement Jeunes-Science de 
Tunisie, have already organized such camps 
for some years In the reports we have 
received, we have found the following 
orientations: 

The working programmes often cover 
various branches of sciences (e.g.: 
various branches of natural sciences 
and electronics)"; tins method empha¬ 
sizes the interrelations of the various 
scientific subjects; 

The purpose is not to give«a thorough 
education to the participants'in the 
studied branches, but to familiarize 
them with terminology, scientific bases, 
technology and the short-term accessi¬ 
ble experiments;, 

The use of audio-visual means is strong¬ 
ly advised as well as the use of previous _ 
information notes on handlings and im¬ 
portant themed; 

The participation is not systematically 
limited only to the national, on the 
contrary, places are often offered to 
young foreigners, preferably in the 
neighbour countries because of the diffi¬ 
culties of obtaining travel scholarships. 
Numerous developing countries have 
mentioned their intention to create or 
develop a science camp programme in the 
next year, be it in Africa, Latin America 
or Asia. 

On the occasion of our next ICC General 
Assembly, taking place in New Delhi from 
the 18 to the 21 December, 1970, our works 
will cover, principally, the -study of a 
project', the purpose would be to find the 
means of forming leaders (adult educators 
and students) who could, afterwards, orga- 
i)ize science camps in their own countries, 
We are led to tackle numerous impor- 
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faat questions during these debates; 

The role of camps in the training of or¬ 
ganizers and cadres: should not use be 
made first and foremost of the methods 
of the science camp for training orga¬ 
nizers and qualified personnel? 

To what extent should the work' of 
,science camps be directed towards 
achievements of general interest (e.g. 
application of natural science to agri¬ 
culture) or permanent activities (e.g. 
construction of rural museums) '> 

To what extent should science camps be 
used to foster contact between rural 
and urban youth 

On what scale should a programme of 
camps or courses be developed; local, 
regional, national oi international? 

For youth institutions that do not 
specialize in science activities, would it 
nof be possible to apply science camp 
methods to increase the .number of 
participants capable of strengthening 
their science activity 
The essential quekiohs should not lead 
us to-forget the moi'e techincal problems: 
the success (or not) of a camp or a course 
depends on this too. 

Factors determining choice of <temp 
sites; 

Numbers and quality of staff, 

. Source and abundance of equipment 
material, 

Origin of participants (students, young 
apprentices, rural youth, etc., requirer 
ments for selecting members; 

Length of the activity; 

Establishment of the work programme; 
harvesting, practical laboratory work, 
debates, social life, etc 

Popular Science Centres—Museums 

Scientific and technological museums 
should no longer be conceived as mere 


collections of objects. Where they exist 
they should become more and more closely 
integrated with the educatiolial and or 
popular education systems. 

Consequently, it is particularly important 
to seek out every means of transforming 
existing science museums into “Popular 
Science Centres”, or to create such centres 
where activities such as science clubs, 
exhibitions of scientific projects, competi¬ 
tions, courses, public courses, public 
lectures, loans of material, etc. , may be 
deveploed in quality and quantity. 

' We wish to cooperate with other specia¬ 
lized organizations in order to precise the 
best way to study this development of the 
educative action of the Popular Science i 
Centres (museums) and' planetaria. 

The top fragmentary information col¬ 
lected for this repoit leads to draw our 
attention on an interesting programme 
provided by India 

In India, the two mam s'cience museums 
and the planetarium are situated m the big 
towns. So, in order to apply the advant¬ 
ages of the museums and the audio-visual 
methods for the rural populations, the 
Birla Industrial and Technological 
Museum of Calcutta, has developed the 
idea, of mobile museums These travel 
through the country, carrying science fairs 
^ Demonstrators are responsible of these 
“buses”; they explain the exhibited projects 
in simple words or in the language of the 
region. For an improvement of the quality 
and quantity of these demonstrations, 
those “musobuses” can be an important 
instrument for the propagation of science 
among young countrymen, and rural popu¬ 
lations. 

The Birla Industrial and Technological 
Museum (B.I.T M) has been set up, 
run and financed by the Council of Scienti¬ 
fic and Industrial Research under the 
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Ministry of'Education of the Government 
of India The museum is situated m 
Calcutta, the capital of the State of West 
Bengal (having a population of 35.5 million), 
and is operating its activities on the State of 
West Bengal and its adjoining areas. 

The main objectives of this museum are 
to portray the history of science and techno¬ 
logy with the help of permanent exhibitions, 
to create the' scientific awareness among the 
common people, and to complete the science 
education in schools by means of audio¬ 
visual demonstrations. 

To achieve the first objective, this 
museum has set up ten galleries devoted to 
various branches of science and technology; 
and they plan to establish a new one. The 
branches are' nuclear physics, motive 
power, mining, copper, iron and steel, 
petroleum, electricity, television and elec¬ 
tronics, communications, and as project, 
transports 

The second objective is also achieved to 
some extent by the permanent exhibitions 
of the museum. However, this museum is 
visited mainly by the urban population; 
to reach the rural populations, mobile 
exhibitions are organized. 

The exhibits are mounted on a specially 
equipped ‘‘bus” and which serves as the 
exhibition hall. In 1968, there were 4 
mobile units; devoted, among others, to the 
following subjects: ‘‘Our Familiar Electri¬ 
city”, “Transformation of Energy”, “Light 
and Sight.” The Birla Museum has also 
set up Regional Science Museums in the 
district towns of West Bengal (4 in 1969). 

The third objective is achieved .mainly 
by activities such as “Science Demonstra¬ 
tion Lectures”, “Creative Abilities Centres”, 
“Teacher Training Programmes”, “Film 
Shows”. These programmes are organized 
at the headquarters at Calcutta and also in 
the regional science museums. The purpose 


of these Science Demonstration lectures 
is,to show to the school that science can 
be taught with the help of demonstration 
kits, and such kits can be fabricated by the 
students in the school, guided by teachers 
(in the “creative abilities centres”) To train 
the teachers for these activities. Teacher 
Training Programmes are organized at 
Calcutta and in the regional science 
museums, (In this field, we remind the 
report set up in 1969 by ' the “Unesco 
Regional office for Education in Asia” and 
entitled “Planning for science teaching 
improvement in Asian schools.”). 

A centre of promotion of the creative 
abilities has been set up at the B.I.T.M. 
to encourage students to develop their 
scientific capacities by fabricating scientific 
devices and equipment The museum also 
organizes yearly eloquence competitions 
and science fairs for the students,. 

A new action started for the rural regions 
IS the establishment by the National Council 
of Educational Research and Training 
(NCERT) of science centres Vijnan Mandirs 
m various villages of India; the purpose 
is to popularise science by demonstrations 
and its applications m the daily life, 

lifcese centres are engaged mainly in 
the problem of hygiene and health in rural 
• districts Generally, small museums having 
collections of local flora and fauna are kept 
by these centres. Unfortunately, the multi¬ 
plication of the.science centres is .limited 
by the insufficiency of the financial means 
and the lack of qualified people to direct 
them 

Popular science centres or science mus¬ 
eums have already been founded in many 
other developing Countries. 

Institutionalization of the Out-of- 
ScHOOL Science Activities 

Considering the diversity of the subjects 
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that are studied, the out-of-schooI education 
tends inevitably to be less structured than the 
traditional teaching 

For the developing countries, it seems 
necessary to ensure a certain centraliza¬ 
tion of the efforts if the wish to accelerate the 
development of the out-of-school science 
activities and to facilitate the application of 
the help that could be given by the rich 
countries is felt This preoccupation of 
Unesco and ICC to have the out-of-school 
science education “institutionalized” is 
taken into account jn many developing 
countries, 

We may lemenibei the inquiry under¬ 
taken in 1968 by the Division of the Science 
Teaching of Unesco on the theme • “Scienti¬ 
fic populaiization activities in the membei 
countries”. 

This inquiVy tends to know if there are, 
in the member States, “governmental 
departments or high civil servants to stimu¬ 
late the interest for science, to popularize 
science and to diffuse the scientific know¬ 
ledge”, If such a department does not 
exist, a second question tries to know the 
intentions of creation of such an officially 
recognized stiucture. Finally, if there is 
no structuie and if the Governments do 
not foresee their short-term creation, 
Unesco asks with which officially re¬ 
cognized non-governmental organization 
“it is recomraeiided to set up a cooperation 
in Order to start a permanent activity in the 
field of science popularization. 

From the examination of the answers of 
35 developing countries, it appears that 26 
countries have a governmental department 
responsible of stimulating the diffusion of 
the scientific ki^wledge (generally the 
Department responsible of the Scientific 
Research or the National Education). Two 
countries think of the next creation of such 
a structure and 7 countries mention that 


cooperation must temporaiily be main¬ 
tained .with recognized non-governmental 
organizations. 

We remind you that in 1970, with the 
technical and financial help of Unesco, 
ICC has published a new version of a 
repel tory of the specialized associations 
for out-of-school science activities, publi¬ 
cation entitled “Youth out-of-school 
science activities. List of the representative 
organizations”. Ninety-four countries aie 
represented, 62 of which are developing 
countries 

As examples of “institutionalized” 
organisms — Ministerial Department, or 
governmental institutions, officially le- 
cognized ,and sponsored by the govern¬ 
mental authorities we shall mention: 

The National Council of Educational 
Research and Training (NCERT) anH the 
Indian Association for Extra-curricular 
Scientific Activities (LAE,A.A) m India, 
the National Science Club of Thailand in 
'T.haiiand, the Mouvement Jemes-Science 
in Tuiiisi and Jeunes-Science du Rwanda. 

We may say-tliat the national Council of 
Educa,tional Research and Training has been 
established by the Government of India 
to undertake the study and the improve¬ 
ment of the teaching of science m the 
secondary schools. The NCERT has 
launched - a vast programme of reforms, 
and recognizing the important role of the 
out-of-school science activities m modern 
scientific teaching, it has encouraged the 
formation of science clubs in the secondary 
school giving them starting subsidies. (In 
1968, this institution had helped to the 
establishment of 1,100 science- clubs and 
had trained 200 leaders for science clubs). 
The NCERT has also encouraged and 
helped to the organization of science fairs. 

‘ As to the Indian Association for Extra¬ 
curricular Scientific Activities, it was created 
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to coordinate and promote on a national^ 
scale, the out-of-school science activities and 
the popularization of scientific culture Its 
activities include, among others, the orga¬ 
nization ajid the development of science 
cluhs, of Vijnan Mcindirs, urban and rural 
science centres, science fairs and science 
camps, science museums, and the produc¬ 
tion of science films, reviews, and books, 
kits,'., these activities are undertaken to¬ 
gether with other national and govern¬ 
mental ' organizations, devoted to out-of¬ 
school science activities. 

In Thailand, most of the school science 
clubs are affiliated to the “Science Club of 
Thailand”, a non-governmental organization, 
included in the Science Society of Thailand, 
which has benefits of the Royal Patronage. 
The objectives of this institution are principal¬ 
ly, to promote the establishment of science 
clubs in the school to help the. existing cluhs 
to achieve their activities, to be an infor¬ 
mation centre on the science activities and 
to organize yearly science fairs, 

In this sense, it is interesting to mention 
the project of establishment of -a National 
Science Centre at Kuala Lumpur (Malaysia), 
responsible of coordinating the different 
educative actmns started in the country 
This Centre would include 4 units, and 
more particularly an out-of-school special unit. 
whose missions will be: to tram teachers 
(in connection with the “Teacher Training 
Colleges”) and laboratory technicians, en¬ 
courage the out-of-school science activities 
and organize science- fairs up to the 
national level, look for documentation 
and publish information reviews on the 


latest techniques, etc, and on science of 
education. 

As to the Momement Jeunes-Science of 
Tunis, it has been created at the initiative 
of the association des Ingenieurset Techni- 
ciens Tunisiens (Association of Tunisian 
Engineers and Technicians), with the appro¬ 
val of the Delegation dii Commissariat 
General a la Productivite en Tunisie (Dele¬ 
gation of the General Commissariat for 
Productivity in Tunis), with the Momement 
Jeunes-Sciences of France, with the help of 
the local representatives of the various turn- 
sian economic and industrial branches, and 
the agreement and the support of the tuni- 
sian governmental authorities. 

We may mention that the originality of 
the structures of this club lies in the fact 
that it is integrated in the “Association des 
Ingenieiirs et Techniciens Tunisiens”, Asso¬ 
ciation who took the initiative of its crea¬ 
tion and whose members are in this club’s 
Council of Administration. 

The ground for the construction of this 
club has been offered by the Tunis City 
Authorities, the building has been realized, 
thanks to the help of the Governmental 
Authorities and Tunisian and foreign private 
sectors, whereas the scientific equipment 
and the technical conswltants have been, 
at the start, provided by the service of the 
t'rench Technical and Scientific Assistance 
of the Ministry of Foreign Affairs. 

This achievement constitutes a live and 
stimulating expression of the national and 
international coopetation and of its great 
possibilities for the developing countries in 
this vital field of youth and science. 
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^HETHER a hunianily or a social science, 
” the discipline of history is related to 
[nvironmenta! quality, Beacon Hill, George- 
lown, Lookout Mountain, The Saaiinen 
Gateway Arch in St Louis, Glacier National 
Park, Alcatraz, and countless historical 
sites and monuments are outward manifes- 
lations of that relationship. The work of the 
historian is inextricably linked with the deve¬ 
lopment of our value systems By our sets 
ofvalues we determine what we want to pre¬ 
serve of our environment and heritage. In the 
tebmlding of American cities, structures are 
often torn down because they are old In 
the process, we have sometimes exchanged a 
part of our character foi a class facade, or 
for the blacktop of a parking lot. By com¬ 
municating with architects and city planners, 
historians can assist in the decision-majcmg 
process relative to the kinds of surroundings 
which wil l reflect the values of our society 

Reprinted from Etmronmental Educaiton with 
kind permission of the Editor and author 


The historian also has a role as a chronic¬ 
ler of the environmental-quality movement. 
As such, he perceives that it did not spring 
full-blown onto the American scene, but 
had Its antecedents in earlier conservation 
activities. John Mini, Gifford Pinchot, and 
Theodore Roosevelt aie known as pioneers 
m this movement Fairfield Osboin (2) 
William Vogt (5), and Rachael Carson (1) are 
latter-day exponents whose contiibutions 
deserve a place in this chronicle 

Because a concern with the dead past 
and primitive cultures is frequently attiibuted 
to aichaeology and anthropology, these 
fields may not at first appear to relate to 
eiiviionmental quality Italian subway buil¬ 
ders might take issue with this proposition. 
Repealed alteratps to build a new tunnel 
in downtown Rome have been thwarted 
when old ruins have been encountered Each 
time alternative routes had to be planned. 
Recently in Atlanta, Georgia, construction 
work on a new shopping center was delayed 
for weeks in order to give archaeologists time 
to complete a “dig” when Indian relics were 
uncovered by buldozers. Anthiopological 
studies of present-day communities of people 
who live in harmony with their environ¬ 
ment will be increasingly important as social 
and technological changes bring more mani¬ 
pulation of those environments, as on Nauru 
Island wheie phosphate mining is eating 
away the island itself (3). Anthropologists, 
as well as other social scientists, are espe¬ 
cially concerned with bow man perceives 
his environment,' and with the customs, 
institutions, and moies he conceives in an 
effort to rationalize that environment. 

Among the social scientists, the political 
scientist now has one of the more important 
roles in relation to environmental quality. 
Many of our laws are based on traditional 
freedoms, such as riparian rights, mineral 
rights, and sovereignty of the seas, which 
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come in conflict with emerging attitudes 
toward environmental quality Legisla¬ 
tion which established soil conservancy 
districts can be referred to as a model of 
how 'an environmental problem can be 
approached by legal means. New federal 
and state laws are establishing standards of 
quality for our air and water, and providing 
the means for achieving and enforcing those 
standards. Beyond the letter of the law lies 
the power structure of our society. The 
political scientist is aware of the means by 
which pressure groups woik to achieve their 
desired goals. 

The sociologist is also concerned with 
the group structure of our society. Race, 
caste, and prejudice play a part m the quality 
of our environments During the same 
month as the President’s State of the Union 
message on environmental quality, vandals 
roamed through the Prutt-Igoe housing pro¬ 
ject in St Louis. They smashed windows 
that ordinarily project water pipes fiom 
freezing. Burst pipes caused 10.000 resi¬ 
dents to spend a weekend in freezing misery. 
Subsequent renovation will cost close to a 
million dollars. At the time of its opening 
in 1954, the Prutt-Igoe housing project 
was widely acclaimed for its design The 
public looks to the sociologist and psycho¬ 
logist for some explanations of the moti¬ 
vations, frustrations, and fears which have 
transformed so much of our public housing 
into monstious high-rise slums. 

The rural landscape is not without its 
sociological problems related to the quality 
of the environment. Mechanization and 
farm consolidation aie the basis for migra¬ 
tions leading to ghettos. The underfem- 
ployed and destitute who remain on the 
land may suffer malnutrition and hunger 
in substandard housing which gives credit 
to the world’s most prosperous nation. 

Sociologists and demographers study the 


age-sex composition of various populations 
Data on birth rates are indicative of trends 
in population growth, a basic factor in 
environmental problems Warning signs 
have gone up, the outcomes of population 
control lies in unpredictable areas of human 
behaviour relative to contraception, abor¬ 
tion, hunger, disease, and nuclear warfare, 
Economists point to the disparity bet¬ 
ween unlimited wants and limited resources 
as a factor in environmental quality. Plainly, 
many of our enviionmeiital problems are 
an outgrowth of the industrial and techno¬ 
logical revolution They are complicated 
by the high rate of product consumption 
within our society The costs of alleviating 
industiial pollution of our air and water 
are ultimately borne by the consumei. Now, 
however, these costs aie being taken into 
consideration more and more in determining i 
the profit to a community and region in 
locating an industiial facility within the 
area. By the use of simulations and a sys¬ 
tems approach, -economists can contribute 
to intelligent planning and zoning. 

Last but not least, the geographer has 
traditionally called foi the conservation of 
our natural resources (4) In.essence, the 
cultural geographer is a human ecologist, 
As such he is vitally concerned with myriads 
of interrelation ships within the ecosystem, 
His particular skill in analyzing site factors, 
routes, and land-uses especially equip him 
to deal with problems of environmental 
quality. Paradoxically, on the issues of 
environmental quality, geogiaphers have 
not been in public eye to the extent that 
ecologists have. 

Two branches of geography deserve parti¬ 
cular mention in connection with environ¬ 
mental quality Historical geography, with 
its emphasis on sequent occupance, can 
demonstrate the changes which occur In 
the environmental quality of an area through 
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tlae, Settlement geography, in part, 
focusses on frontier areas of the world 
ivliere man is beginning to impinge upon 
his environment in sufficient numbers to 
cause problems. 

From the foregoing, an oveiriding idea 
becomes clear. Whereas each of the social 
science disciplines has its particular point of 
view regarding problems of environmental 
quality, the problems themselves are a 
common concern Thus, concerted action 
regarding these problems calls for mter- 
disciplinaiy cooperation, not just among 
ihe social scientists, but also between social 
scientists and natural scientists. 

In addition to a role within a discipline, 
social scientists also function as researchers, 
.technicians, and teacheis. Some of the 
areas for exploring human behaviour as 
related to enviionmental quality have been 
indicated In delving into these areas, re¬ 
searchers will test hypotheses and accumu¬ 
late more data leading to new insights into 
environmental problems. 

The social science technician actually 
works on day-to-day problems associated 
with environmental quality He maps the 
blighted areas of cities or seeks alternative 
expressway locations As a social workers, he 
or she may work directly with people, espe¬ 
cially in tiymg to improve home environ¬ 
ments. Not only m goveinment, but also 
in business, can persons trained in the social 
sciences contribute to the better manage¬ 
ment of our suiioiiiidings. 

Teachers have a special responsibility in 
the matter of environmental quality. The 
time lag between cause and effect in environ¬ 
mental matters can be compared to the 
gap that separates the high school student 
from the adult The battleship Arizona 
went to its grave almost 30 years ago Oil 
from its sunken bulk still seeps to the sur¬ 
face at Pearl Harbor If all use of DDT 


were stepped now, some would still reach 
Antarctic penguins 10-years hence Further 
effects of the population explosion lie ahead, 
Under such circumstances, the civics 
that cannot confine his classes to the 
content of the constitution. History teachers 
cannot simply rehash former happenings. 
Geography teachers must do more than 
girdle the globe. Social science instruction 
will have to operate in the affective domain. 
Students “turn on” when it comes to prob¬ 
lems of environmental quality, like the 
Ohio high schoolers who wound up a study 
of pollution m Lake Erie by appearing be¬ 
fore a Senate committee Or they become 
involved like the students “m a school in 
Connecticut who gained national recog¬ 
nition foi their PYE (Protect Your Environ¬ 
ment) Club. Through study trips and 
' first-hand contact with decision makers, 
classes can enter the affective domain 
In the last analysis, all social scientists 
operate in the role of citizens Currently 
the wolf cry is being laised on environ¬ 
mental problems Is the danger reaP As 
in a fable about the boy who cried wolf, 
will citizens disregaid the warnings after 
a lime? The social scientist as a citizen 
has an obligation to help bring about better 
human responses that will result in a higher 
quality of life for the people of this earth. 
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Frontiers of Science 
and Higher^States of 
Consciousness 

Transcendental Meditation 
Under Scientific Investigation 
held at Gala Millor, Mallorca, 

Spain 


AN international scientific conference 
was held at Gala Milloi (February 
26-March 1), Eminent scientists came at 
the invitation of the Maharishi Mahesh 
Yogi. The conference coincided with the 
teacher-traming course in transcendental 
meditation which may be defined as a tech¬ 
nique for turning the attention inwards 
towards the subtle levels of a thought until 
the mind transcends the experience of the 
subtlest state of the thought and arrives 
at the source of thought The main result 
is the lemoval or dissolving of deep-rooted 
stresses and strains m the nervous system, 
types which aie not removable even during 
deep sleep. By removing such tension 
which otherwise hindeis effective perfor¬ 
mance of activity, greater and more com¬ 
plete integrated use of all levels of the ner¬ 
vous system results and a refinement of all 



Maharishi Mahesh Yogi, discussing recent scientific research on Transcendental Meditation wil 
(From lejt to right) Dr. R.K Wallace, Harvard University, Boston , Massachusetts, Prof. ’ 

Temple Umveisity, Philadelphia, Pennsylvania and Di. D. Kannellakos, Stanford Research Institute, 

Menlo Park, California. 
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senses of perception occurs. Improved 
perception means greater efficiency in all 
fields of life 

Those attending the course consist of 
over 800 men and women from all over 
Europe, the United States and Canada. 
They are of all ages and professions, but 
predominantly university students and pro¬ 
fessional people 

The following scientists participated m 
the conference: 

Dr. Herbert Benson, M.D Thorndyke 
Memorial Laboratory, Harvard Medical 
school. United States. 

Dr. Robeit Keith Wallace, Ph.D. doing 
post-doctoral research at the Harvard 
Medical School, United States. 

Dr. A. Campbell, M.D., Editor, The 
Hospital Times, England. Dr. Deraetri 
Kanellakos, Ph.D., Senior Research 
Engineer m Radio Physics, Stanford 
Research Institute, United States, 

Dr. Dean Brown, Senior Research Engi¬ 
neer, Stanford Reseat ch Institute, United 
States. 

Dr^Kurt Vanselow, Professor of Physics, 
Kiel University, Germany. 

Dr. Mael Melvin, Professor of Physics, 

■ Temple University, United States. 
Garland Landreth, doing graduate 
study in psychology with Professor 
Maynard Shelly at Kansas University, 
US.A. 

The confeience divided itself into two 
parts—reports of research work already 
lone and in progress; and talks concerning 
future possibilities for scientific mvestiga- 
lion into Transcendental Meditation and 
Its application. Di. Herbert Benson pre- 
lented the work that he and Dr Keith 
Wallace have done on the physiological 
md bio~chemical changes which take place 
luring Transcendental Meditation Tests 
had been made of Total oxygen consump¬ 


tion, signifying the metabolic rate of the 
body and decieases of up to 17 per cent 
were observed Caidiae Output, the work 
load of the heait, was seen to be reduced 
by about 25 per cent Skin resistance showed 
increases of several hundred per cent. The 
skin resistance figiue is used as an indica¬ 
tion of emotional tension, for example, in 
the he-detector a low reading indicates high 
emotional tension. The high figures record¬ 
ed with meditating subjects appear to indi¬ 
cate exceptional states of relaxation. The 
Lactate ^lon Concentration m the blood, 
suspected to have effects upon muscle-tone 
and anxiety states, was found to decrease by 
33 per cent. Arterial Blood Gases did not 
change appreciably, signifying the continua¬ 
tion of normal circulatory function during 
Transcendental Meditation. The Respira¬ 
tory and Heart Rates decreased, indicating 
states of deep rest m the subject. Electroen¬ 
cephalograph Recordings indicated an un¬ 
usual abundance of Alpha Waves (8-12-Hz) 
measurable in the frontal and top regions 
as well in the occipital areas of the brain. 
Certain subjects, showed Theta waves 
(5-8 Hz) These recordings indicated that 
the brain is in a state of restful alertness 
duiing meditation Applying this observa¬ 
tion to that of the low metabolic rates, Dr 
Benson proposed that this showed evidence 
that Transcendental Meditation prodilces 
physiological changes different from those 
seen in normal waking, dreaming and deep 
states and from hypnotic states. He 
gave the name Wakeful Hypometabolic 
State to this newly observed phenomenon. 
He said he had noted that transcendental 
meditators appear to have rather low blood 
pressure which is a most desirable condition, 
he emphasised Di, Benson, who is an 

Paper contributed by the General Secretary, 
Spiritual Regeneration Movement Foundation of 
India, Rishikesh (U.P.). 
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eminent research cardiologist working in 
one of the oldest and most highly lespected 
research laboratories m the U S. went on 
to make some tentative evaluations of his 
and Dr. Wallace’s findings, He pointed 
out that coronary heait disease, directly 
attributable to hypertension, is now-a-days 
the biggest killer disease of all in the western 
hemisphere. He propounded the theory 
that man’s fight or flight mechanism, instinc¬ 
tively based and having played a significant 
part in the survival of the species m the past, 
could be becoming dangerously redundant. 
Modern living provides continual stimuli 
for the triggering of the fight or flight mecha¬ 
nism but few opportunities either to flight 
or to flee. This produces unresolved ten¬ 
sions m the organism which could possibly 
account for high blood pressure as well as 
other psychosomatic manifestations of an 
undesirable kind, He thinks that it is possible 
that the practice of Transcendental Medita¬ 
tion might have the effect of raising the 
threshold, of fight or flight triggering or, 
at least, of mmiraizing Ihe adverse effects. 

The passible clinical applications of 
Transcendental Meditation in conditions 
such as high blood pressure, coronaly 
heart disease, and various psychosomatic 
diseases weie discussed, A study is now 
under way at Harvard to objectively assess 
reports by transcendental meditators of 
substantial improvement in cases of high 
blood pressure. 

Dr Benson concluded his talk with a 
report on Transcendental Meditation and 
Drug Abuse. He described an exploratory 
survey carried out in the United States by 
him and Dr. Wallace in which 1,862 people 
who had been meditating for three months 
or longer completed a questionnaire dealing 
with the use of drugs, liquor and tobacco. 
Most participants had been to college and 
many held degrees. The survey indicated 


a shaip dcciease in drug abuse including 
cigarettes and liquor within three montlis 
of stinting the practice of Tianscendental 
Meditation, and this decrease was progres. 
sivcly maintained until after 21 months 
most ot the subjects claimed to have stop¬ 
ped abusing drugs, cigarettes and liquor 
eritiicly. Most subjects were of the opinion 
that Tianscendental Meditation had been 
hrgely responsible for their discontinuation 
of drug abuse. 

As a result of the presentation'of these 
findings at the Drug Abuse International 
Symposium for Physicians at the University 
of Michigan, Anne Aibour, November, 1970, 
much scientific interest has been aroused 
by this highly interesting side-effect of 
Transcendental Meditation and funds have 
become available for a larger controlled 
survey which is now being prepared. 

Professor Kurt Vanselow took up Dr 
Benson’s theme of the possible inter¬ 
connection between Transcendental Medita¬ 
tion and the field of instinctual response. 
Recent work in Germany seems to indicate 
that the stresses of competitive education 
may produce hormonal changes in children, 
the effects of which could menace their 
adult life. 

One of the participants of the teacher- 
traming course, Garland Landryth who is^ 
presently working towards a Ph.D. in 
psychology, summarized the results of a 
recent study conducted with Professor 
M. Shelly of the University of Kansas, A 
group of meditators was compared with a 
control group of non-meditators and it was 
found that meditators are generally happier, 
more relaxed and develop richer and deeper 
personal relationships. They seem to be 
capable of adapting themselves more sponta¬ 
neously to their environment and do not 
depend on their surroundings for their 
happiness. Transcendental Meditators exhi- 
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bil many of the characteristics of a ‘self- these stresses aud allow them to be 

actualized person’, as defined by one of dissolved naturally 

lliegreatest psychologists ot our age, Abra- Dr Kanellakos’ project led to the accep- 
|]jni Meslow Transcendental Meditation, tance of Transcendental Meditation as a 

becaase it is the way to gain this fulfilment proper subject for reseaich at various scienti- 

is [he most important solution to today’s fic laboratories. He made a plea for an 

problems, concluded the speaker. mter-disciplinary piogramme of research 

Dr, Mael Melvin, drawing comparisons into the effects of Transcendental Medita- 

between the basis of thought in the human tion for which he has prepared a thesis map- 

process of cerebration and the ground under- ping out the work to be done by the life, 

lying the existence of matter at its finest engineering, computei and behavioural 

level in the proton and in other sub-atomic science departments of his foundation, 

particles, related the Quantum Field Theory Dr. A. Campbell announced the inaugura- 
10 Transcendental Meditation. tion of a new journal to be called ‘Creative 

For the remainder of the conference the Intelligence’. This journal will be publish- 

speakers were concerned with future possi- mg articles such as those presented by Drs. 

bililies. Dr. Dean Blown, a physicist and Melvin, Brown and Kanellakos. 

computer specialist - at Stanford Research It is interesting to note that the scientific 
Institute is now engaged in a project to application of Transcendental Meditation is 

remodel the educational system of Spam being taught in the universities of the United 

under the auspices of Uncsco, the World States, England and Canada as a new sub- 

Bank and the Spanish Government. He ject, ‘The Science of Creative Intelligence ’ 

described his research into the description The conference closed with the feeling 
of the process of creation as contained in that some steps had been taken toward 
the Vedas. 'establishing a veiy important reconciliation 

Based on Dr. D. Kanellakos’ recent between Philosophy as represented by ' 
research entitled ‘The Physiology of the Transcendental Meditation and the Sciences. 
Evolving Man’, the conclusion was reached Mahanshi Mahesh Yogi concluded 
at Stanford Research Institute that the saying that when these 800 course parti- 
practice of Transcendental Meditation, as cipanls join those teachers already at work, 
(aught by the Maharishi Mahesh Yogi plus those yet to be trained during the next 
has physiological concommitants that dis- two yeais, there will be enough teachers of 
tinguish the state reached in Transcenden- Transcendental Meditation for all countries 
tal Meditation fiom the currently recog- of the world. His plan is to establish 
nised states of human exi.stence —namely, centres universally making available to all 
wakefulness, dreaming and deep sleep, the people this simple technique for inte- 
The physiological and biochemical changes grated life so that all can enjoy 200 per cent 
which occur during the time one is m the of life, 100 per cent spiritual and 100 per 
hanscendental state seems to remove the cent material through Transcendental Medi- 
slresses so deeply imbedded in the nervous, tation. ‘When one per cent of the world s 
system, that not even deep sleep or diearning population meditates, Mahanshi Mahesh 
can remove or dissolve them Only the Yogi pointed out, ‘then the eradication of 
profoundly deep rest attained through suffering and war from our society will be 
Transcendental Meditation seems to reach well on its way.’ 



SCHOOL SCIENCE JUNE I97l 
references 


Di John Allison, TM iai'cel, April IWO, No. 7651 

T„„* Pml., Bern MeJ„a„m. to Do. A. Cmpboll, Hospital Tn.as, London, M.,, 1,,.. 
T,„ pWriotoW 0 / Ills 

S..ho?.c,orl.Sl,nEo,d Rosoaod. Inslilnc. 

Sd.ncf 0/ *»«■ •<'' Malianshi Mahosh Yogi, 1966, Inlainal.onal SRM 

Publications, London. 

0. lie eime«1 =■'«.'t Now T.ansl.l.on and Comm.ntarp Cltaptots 1-6, by M.h.o.sh, Mrit.sl, 
Yogi imornallonal SRM Tobl,cations, London, 1967, nud P.ngtnn Book. 2911.1969. 
Physiological LIIccls .1 Tiansccdamal Meditation”, to Di. Robot. K.ith Wallace, M... 
Vol 167i March 1970. 

•Physiological Eirccs or Ttanscendenta. Med, talion, a Proposed Fontth Ma,o. 5 M..I 

Coitsciotisncss', Ph. D, Thesis to, UCLA, .970, by Dt. Robci.Kcilh Wahace. 

L.,»C Ptclhnlnaiy edilion, by D,. M.yn.td Shelly (in pt.c.s.o,pubhcati..). 



Produce, Yes— 
Pollute, No 


WUI.IAM H, SnUNGLR 


O N every hand the wiivjiing is sounded 
that mankind is so dangerously pollut¬ 
ing the earth that, before long, it will be¬ 
come unfit for human habitation. But 
there is a remedy—wiser and better techno¬ 
logy, 

In the United States many ecologists, 
industrial expeits and government officials 
have realised that industrial processes and 
the general activity of civilised mankind 
can be'SO handled that pollution is vastly 
reduced or never happens at all. American 
companies are devoting millions of dollais 
and long hours of research to this new 
technology. 

For example, to eliminate pollution from 
automobile exhausts, electric engines which 
produce virtually no pollution are being 
developed. To perfect these new engines, 
instead of tinkering with the old, is what is 
meant by the ‘new’ environmental techno¬ 
logy. 


Now m the United States the antipollu- 
tion drive is spurring the development of 
new devices and processes m an industry 
expending $ 5,000 million a year. Among 
the new devices are plastic containers, that 
disintegrate in a few months; and a solid- 
waste disposal plant that pulverises all 
kinds of refuse, creating no odouis and 
producing fertilisers and soil conditioners 
as the end lesult 

Murray Weidenbaum, Assistant Secre- 
tuiy of the Treasury, states the essential 
aim in this comment made to a New York 
cnviionmental conference; ‘I am offended 
by the prospect of our having to devote an 
ever laigcr share of our national resources 
to cleaning up an ever faster growing 
mountain of pollution. Rather, the desira¬ 
bility of adopting methods of producing 
and consuming which are less polluting than 
our present practices seems to be required.’ 

• Given the coirect technology, protection 
of the environment may, in the end, actual¬ 
ly cost a country less than would unres¬ 
trained pollution. 

A lecent study by the US. News and 
World Report concludes that the pollution 
clean-up job in the United States will cost 
$ 71,000 million over the next five years 
This includes $ 13,000 million to combat 
dirty air and $ 4,000 million for better 
disposal of solid wastes 

If the expense of freshening the air 
comes to $ 2,600 million annually, and 
damage to the economy from polluted air is 
about $ 13,500 million, as recent estimates 
have It, then cleaner air can save the econo¬ 
my some 11,000 million a year. 

One of the great challenges is how to 
handle solid wastes—the refuse which 
consumers, homes, factories, cities throw 
away. It is estimated 'that some individuals 


Reprinted from The American Reporter. 
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in rich countries account for six pounds (2.7 
Kilograms) of waste per day. 

One recent solution has been to step up 
the public investment in more efficient in¬ 
cinerators for burning up the waste. But 
beyond improved incineration, the real 
long-term answer, it is being realised, is 
to re-use, recycle, the solid wastes. 

Recycling, of course, has been a familiar 
process for some time. Over half the Ame¬ 
rican output of steel is reclaimed scrap. 
The same is true of copper. Twice as much 
lead is recovered as is currently being mined. 


As for water purification, a great deal 
of American municipal and industrial waste 
water now undergoes some form of treat¬ 
ment for removal of filth tind organic waste 
matter. 

What is now advocated is an additional 
treatment which would definitely remove the 
salts, dyes, acids, persistent insecticides hhi 
herbicides also 

It is also possible to treat sewage with 
a view to lecycling it immediately. And61 
course, some processes treat the sewage 
sludge as fertiliser, which can be sold to 


I 





Pittsburgh^ Pennsylvania, is known for its steel production. Once it was also known for us air 
pollution. This is how its downtown area is today.^ 
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fatmers oi used to cover the raw earth 

produced by strip mining 

Anti-pollution is becoming a big source 
of jobs in the United States. An estimated 
250,000 jobs were developed in fields re¬ 
lated to pollution control iii the years 1957- 
- 69. Now the figure Is 655,900. Accoiding 
to Heibert Bienstock, a Department of 


Labour official, the job figure could go to 
1,200,000 by 1980 

Pollution control thus is becoming one 
of the ‘growth industries’ m the United 
States, and so it will be in other concerned 
countries as the vast possibilities of wise 
environment-protecting technology become 
evident. 



Teaching Science 
Through Discovery 

J.K. Soon 


I taught and learned ^ once 

which ate l^n' to\hc individual. 

studied shall serve Uf - fc j_o[.c 

lf,c continue with these elid es 

to continue with rote memor/ation 
[acts and minutiae of scien P 

.„^e,..™,a„d.h.sac^ „r 

continue to function a. > 
information. This is evi cn j-.^joiates 

classrooms where teachers . S 

„d p,.,.gr.dua.=s i.. seiche. The 

tion is worse at the primary ■ -ciencc 
even teachers are not qualified • 
subjects what to say of equipmen i 
facilities in science teaching. Bi « • ^ 

fact of the matter is different Somm-e 

teacher is neither a purveyor o s 
information nor an initiator o ea 
learning’s sake but he is a stage “ 

children are initiated from 
thinking” This will help ur Prupar ng 
critical thinkers, ready to meet 
lenges of unknown, unpredicta e _ 

This is the purpose of science tcac 


where we relate present with future m 
classiooms and child, en learn many abilities 
to function as a problem solver par ex¬ 
cellence”; a laic quality of a working 
scientist. 

The Cluim^m Concept of Science 

A valid and functional concept of 

science and the use of the propel methods 

: science 

I lA'iimnc effective and useiui. 

of hard racls, 01 the 

'■ "d ’jiT“f d-L...... *he 

knowledge or ■ b, 

Schwab of conclusions” 

taken only as a “exhibition 
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Standing of nature and nature’s laws’’ 
(Hurd, 1969) 

To initiate intellectual activity in class¬ 
rooms, we need emphasis on the processes of 
science or modes of discovering scientific 
knowledge. This changing concept of 
science demands a change in our teaching, 
in our institutions, and in ourselves who are 
working as science teachers. While a 
child is passing through the process, he 
acquires the concepts of science, gathcr.s 
information of conceptual schemes and 
ultimately gets an idea of the structiiie of 
science. Therefore, it is essential that we 
understand the proper and deeper meaning 
of science, inherited m its nature and puic-’ 
tice discovery learning to line! the stiucture 
of science. 

What IS Discovery ? 

The prominent workers in the (icld of 
science education advocate the use of dis¬ 
covery raethod/inqiiiry approach in science 
teaching. Many strongly favour the use 
of piobiem-solving method Webster’s 
Amencaii Dictionaiy interprets discovery 
as. to discover means to know; to find 
out, to uncover it, etc., and discovery 
means anything discovered, Similaily, to 
inquire means to seek infoimalion and 
inquiry means an investigation or examina¬ 
tion, etc. Other workers describe discovery/ 
inquiiy as an attitude, a .stale of mind; 
a way of learning; a process of investigation. 
an uncovering, and a search for truth. 
There seems to be subtle difference between 
discoveiy appioach and inquiry luefhod. 
On pioblem solving, of course, David P 
Ausubel contends that it involves discovery 
learning, if problem solving is meaningful 
and worthwhile 

The aforesaid meaning.s of discovery/ 
inquiry appear to be skm deep and peri- 
pherial A cntical analysis of few defini¬ 


tions along with some examples will clarify 
It furthei ^ 

On enquiry Schwab states, "To teach 
science as enquiiy means, first, to show 
students ,how knowledge aiiscs from the 
interpretation of data. It means, second, 
to show students that the interpretation of 
data—indeed, even the search for data—pro¬ 
ceeds on the basis of concepts and assum¬ 
ptions.that cliange as our knowledge grows, 

It means, thud, to show students that be¬ 
cause these principles and concepts change, 
knowledge changes too . " (Schwab, 
1963) 

Gagne states that enquiry is apparently 
a set of activities characterized by a problem¬ 
solving approach m which each newly en- 
couiUcicd phenomenon becomes a challenge 
for thinking (Gagne, 1963) 

Burner says “ . I do not restrict 

discoveiy to the act of finding something 
that befoie was unknown to mhnkind, but 
ralhci include all forms' of obtaining know¬ 
ledge for oneself by the use of one’s mind 
, permitting the student to put things 
together foi himself, to be his own dis¬ 
coverer” (Bruner, 1961), 

Now, let us examine two discovery- 
oriented activities. 

Classification of objects. Students of 
primary classes were given a few seeds of 
different colour, shape, and size. The 
students weie asked to classify them into 
different groups. Childien observed things 
critically and tiied to find out diffeieaces 
in physical propeilies, Many times, 
childien changed 'an object m order to 
observe fuither minutely, some times used 
instruments or aids to find out details 
They repeated observations to improve 
reliability, Thus, on the basis of obser¬ 
vation they perceived similarities and diffe¬ 
rences in these objects, separating them in 
different groups, -develop arbitrary classi- 
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fication scheme, etc. While trying to re¬ 
cognize them, children were using the pro¬ 
cesses of science and simultaneously gaming 
scientific knowledge or concepts of science. 
At higher grade level students may classify 
animals and plants and may use their own 
criteria of classifying things. 

Interdependence of plants and animals. 
A study of an aquarium will help m under¬ 
standing the relationship of aquatic plants 
with fishes. Children leain about the living 
conditions of plants and animals They 
try to find out the significance of water 
temperatuie, acidity and alkalinity for 
living, flere, students use observational 
skills, classificational abilities, abilities 
of conducting expeumentation and drawing 
inferences fiom recoided data To acquiie 
the concept of ‘habitat’ students use diffe¬ 
rent modes of inquiry 

A few characteristics of discovery learn¬ 
ing are discernible from the above mention¬ 
ed definitions and examples. 

1. Children participate actively m the 
process of learning. 

2. Children tiy to learn themselves 
and in due course of time they be¬ 
come self learners 

3. Children try to organize and sys¬ 
tematize their findings which provide 
an opportunity for analytical think¬ 
ing. 

4 The role of the teacher is minimized. 
But he is not out from the teaching 
learning pi ocess He functions moie 
as a ‘manager’ or ‘organizer’ of 
learning activities rather than a 
disseminator of information. 

U Discovery Approach New! 

The recent resuigence of interest in the 
laboratory work, experimentation, show 
that discovery approach is recent in origin. 
But it is not so, The above mentioned 


characteristios of discovery approach show 
that many of these were m use since long. 
Today, it has gamed currency because it 
has been included m all curricular pro¬ 
grammes of science. A brief historical pet- 
spective is given here to peep into the 
various processes involved therein. 

Socrates claimed that he never taught. 
Ills students He raised questions and tried 
to present situations where students can 
find answers to their questions. Of course, 
it needs thinking on the part of the learner 
Socratic method is one of the glaring exam¬ 
ples which piesent a few elements of dis¬ 
covery appioach. 

The Progressive Education Movement 
gives many significant strands of discovery 
appioach. Project method, activity method, 
problem solving, and child centered learning 
emphasize on the active involvement of the 
child in the process of learning. Discovery 
is also associated with the inductive method, 
scientific method and Armstrong’s heuristic 
method John Dewey’s How we Think', 
Education and Experience highlighted 
many aspects of discovery approach in 
geiieial and creative and critical thinking 
in particular. In the Post-Sputnic era 
Schwab, Bruner, Gagne’, Suchman and 
Ausubel are the proponents of discovery 
approach. They are instrumental in popu¬ 
larising the use of discovery approach in 
science teaching. 

Why Discovery Approach in Science 
Teaching 1 

There are many advantages to the learner 
when he applies discovery approach in learn¬ 
ing science. Bruner contends (in general) 
that discovery helps in (1) the increase in 
intellectual potency, (2) shift from extrinsic 
to intrinsic lewards, (3) learning the 
heuristics of discovery, (4) the aid of 
memory process (Bruner, 1961) 
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Teaching science’ thiough discoveiy 
shows ‘science in opeiation' [Icre. we 
can empliasi/c processes of science, ;i .signi- 
[iciint aspect of science 

ClnUlren try to rind out concepts of 
science when they Iciiin science tinongh 
discoveiy They also learn that science is 
more than incie faets given in books oi 
mentioned by llie antlionlics because il 
was known to tlicm Learning concepts of 
.science, conceptual schemes' in .science give 
an idea of the stiuctiiic of science Novak 
contends that ‘the stiucliue of science may 
be viewed as the .system of nia|oi generaliza¬ 
tions 01 coiieeiits togethci with the places': 
by which these concepts arc obtained and 
enlarged'. Chilclrcn will undcistand con¬ 
cepts as they see them m the context in 
winch they cnicigc and riow 

Discovci y-bnsed science pioguunmc lake 
into considcialion the natuial chaiaclciis- 
tics (willingness to investigate, the abiliy 
to imagine pioceduics of doing woik, etc ) 
of childicn 

Role of the Saenre Tcacliee in Disenyeiv 
Leafiiing 

The science Leachei has to play a key 
role in discoveiy learning. He has to cicatc 
an intellectual clmiale in the classroom 
He carefully plans a scciuencc of Icarmng 
activities covering a period of time. Planning 
involves picparation of insliuctional malc- 
jial suited to the particulai age group Tlic 
teacher is not only an ‘initniLor’ of discoveiy 
leaching but he has to sustain the intellec¬ 
tual climate in the dassioom till Icaincis 
icahzc the signilieancc of self learning. The 
science teacher also lielps students in select¬ 
ing proper aetivilies, m identifiyiiig proper 
topics and providing guidance. 

Conclusion 

There is enough scope for teaching 


science through discovery if we under 
stand It pioperly and put sinceie efforts 
It h.is Us own vuliics in leainmg, But dis- 
covery appoiach is not a panacea of all ills 
in science teaching It enn be used through 
laboiatoiy woik, by cxpeiimentalion, dc- 
monsliation or by discussion It does not 
demand sophisticated instruments, There 
arc a few obsci vations which we should 
kcci) in view 

1 Discoveiy appioacli is not applica¬ 
ble in nil situations 

2 A. thorough study of different 

.scJiools of thought in discovery 
leainmg is needed on the part of the 
teacher It includes ideas of John 
Dewey, loseph I Schwab, Jerome 
■S Bi liner and Robcit M Gagne’. 

3 Psychological lUkI sociological 

aspects of discovery Iciuning should 
be studied thorouglily by the science 
tcacheis 

4 Activilicf! ciganized for learning 

thioiigh discoveiy should be consis¬ 
tent to the age level of children. A 
study of Jean Piaget’s woik on the 
development of intellecUial abilities 
of ehildicn is needed and his views 
should be incoiporated in the deve¬ 
lopment of learning activities 

5 Discovery appioach may be prac¬ 
tised fiom K through llth grade. 
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scir-perpetuatiiig if the fish breed and even 
piovidcs an eddilc cnd-pioduct, the body 
of the fi-sh. Foi one of another of these 
reasons, the idea of hi ceding siicli fish has 
been and is being studied in several paits 
of the woild The most popular fish is the 
so called Asiatic giass carp, a different 
species from the indigenous European carp 
The Asiatic giass carp is now being experi¬ 
mented with as a soiucc of food in eastern 
Euiope, in Poland and Hungary The bleed¬ 
ing progiamines there aie not concerned 
with weed control, only with caip for food. 
In Britain, the opposite istiue Freshwater 
fish arc unpopulai as foodstuffs heic But 
the fast-changiiig feeding habits of the 
Biitish people lead some expeits to feel 
that thcie’s a good chance that carp may 
catch on here for food as well as weed 
contiol 

The Biitish team concerned earned out 
then experiments using nine indentical fish 
ponds, three emptied of all fish, six stocked 
only with caip, The ponds were used to 
check on how fast a given number or lather 
weight of carp could dispose of weed. The 
first senes of cxpeiintents, tcceiilly comple¬ 
ted, gave very encouraging lesults. The fish 
ate so much weed that the scientists believe 
that the main problem iii using them foi 
control is likely to be that they will eat too 
much rather than too little. Ecologists are 
anxious to cnsuic that not all the weed is 
cleared out ofany ditch oi canal, because it 
piovides vital cover for other useful or 
harmless creatures to breed rn, They are 
also concerned lest a population explosion 
of grass caip should take place throughout 
Britain’s water systems Past experience 


has shown that this kind of thing is liable 
to happen when new methods of biologloai 
control are tiled for the first time, unless 
very careful precautions have been taken 
beforehand. 

However, the scientists are also hopeful 
that it will be possible to control the numbers 
of the caip and their effect on the weed 
quite easily, The cai p are basically a semi- 
tiopical species and their delicate young do 
not suivive easily in colder climates, In 
fact breeding would be slow and sporadic do 
thcjc IS no danger of a population explosion. 
The caip would probably be bred in the 
warm water outlets from power stations, 
and then released where required and re¬ 
plenished at intervals from the breeding 
stations Polish research has shown that 
fertilizers added to fish ponds speed up 
the rate of plant growth making the fish re¬ 
produce four times faster than normal If 
the fish in the canals and ditches did be¬ 
come too miinerous, then they could always 
have their niimbeis reduced by netting 
once or twice a year. But, although the 
idea is certainly looking attractive and en¬ 
couraging now, the scientists concerned 
sti'ess that grass carp are not the answer to 
evety weed-choked river. Like machines 
01 herbicides, or perhaps other weed-eating 
creatuies, they are another tool which will 
find a useful niche as the relatively new 
science of ecology becomes more and more 
exact, enabling biologists to predict with 
greater and greater certainty the effects of 
introducing new factors into the balance of 
nature. 


Reprinted from 82/1971. 
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tioiial change, Oft-slated forces which 
geared the cuiiiculum lefonnatioii in new 
direction arc; an evcr-incicasing develop¬ 
ment of scientific knowledge; the enrol¬ 
ment explosion in schools; screening and 
up-dating of science content; impact of 
instructional technology; and influences of 
research in the field of teaching and learn¬ 
ing, Science is taken as a future oriented 
discipline. Hence students of today should 
be oriented as well as prcpaicd for the 
cluilleiiges of tomoirovv, In othei words 
students of today should be able to cope 
with the unpiedictable futmc. This res¬ 
ponsibility is to be shared by the education 
of today. 

Second chapter piesents a basic structure 
needed foi the development of science curri- 
CLilnm. ‘Science couiscs should be re¬ 
presentative of science specially as science 
is known to .scientists’. Science content is 
to be structured on concepts and conceptual 
schemes and should reflect the spirit of 
inquiry. These aie the basic premises on 
which science curriculum shall be developed. 

Chapters I and II identifies two signi¬ 
ficant aspects of science curriculum. First, 
in this complex scientifically oiientcd society 
rapid changes are inevitable Therefore, 
science cuinculum needs not only revision 
but contiuuous reformation Secondly, 
science curriculum should include more 
of basic science than technology. This 
knowledge should have survival value and 
Its teaching should be cousislcnt with the 
nature of science. 

In Chapters 1 and 11 arguments given by 
the author, have been necessarily condensed 
which makes some of it less accessible to 
the less widely read reader. But an exhaus¬ 
tive and relevant bibliography, given at the 
end of chapter two is a very welcome ges¬ 
ture to serve such category of people. In 
developing countries this topic needs an 


immediate and thoiough discussion so that 
it becomes a part of science teacher’s philo¬ 
sophy of teaching. Without clear under¬ 
standing of the nature of science, the very 
style of teaching of the science teacher takes 
a different and sometimes disastrous coiuse, 
CIraptei s III and IV are the nucleus of 
this book. Different aspects of science 
teaching i elated to conventional courses and 
the shifting emphasis, as reflected in the 
new cunicula, have been highlighted in 
CIraptei III, Education foi change, disci¬ 
pline centered curriculum; defining goals 
in terms of intellectual competencies, modes 
of inquny suitable to exploring a discipline; 
concept formation; conceptual structure of 
a discipline m a coherence sequence, etc,, 
arc a few aspects which arrest attention of a 
woiker in the field of curriculum 
In Chapter IV, the author gives m detail 
ideas about concepts in science, concept 
leanimg, and the stiucture of science, It is 
very well illustrated with suitable examples 
taken from different curricular projects 
This chapter piesents a line of action on 
concept learning rather than learning. The 
author has mentioned three references as 
background reading on this theme These 
are: AuSubel, The Psychology of Learning; 
Bruner, Process of Education; Gagne, 
The Conditions of Learning In the opinion 
of this reviewer two additional references 
shall prove useful for the workers in this 
field These arc; Klausmeier and Hauis 
(Eds.) Analysis of Concept Learning, and 
the work of Milton O, Pella and his asso¬ 
ciates conducted at the Centre for Cogn¬ 
itive Learning, University of Wisconsin, 
Madison, Wisconsin. 

Dr. Hurd acquaints the reader with an 
adequate though brief analysis on concept 
learning, including a review of the variables 
affecting concept learning. Conceptual 
structure of the discipline woven with dis- 
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covery approach of teaching, is a central 
jifjtcgyinthe development of science cuni- 
culum, This is a point of view of Dr Hurd 
ffliich is palatable to most of the workers in 
sconce education. 

la Chapter V problems and shortcomings 
of the new curricula have been discussed. 
New curricula is much sophisticated and 
ij not related to societal needs. A few 
inadequacies m teacher education pro¬ 
gramme are also discussed. The author 
contends that in due course of time these 
shortcomings shall be removed from these 
materials. 

The author has very correctly pointed 
mt the shortcomings. It is self-evident 
rom the recent developments m the schools 
)f the U.S.A. Harvard Project Physics was 
nitiated to check the fall in physics enrol- 
iient at the high school level. Biological 
Idetices Curriculum Study developed four 
iflfcrent versions to meet the demands of 
iflferent groups of students. Many currr- 
ular projects are trying to relate their 
r courses with the needs of the society. 
Chapter VI discusses relevancy and utility 
of the courses for children and society. 
Evaluation is taken as a very comprehen¬ 
sive term and expects rigorous continuous 
examination of content. It demands con¬ 
tent, pedagogical, social and philosophical 
validities to see the utilmate effect of these 
courses on students and community. 

The last chapter gives analytical analysis 
of curricular projects, namely, B.S.C.S., 
P.S.S.C., CHEM Study, H.P.P., E.S.C.P. 
and Time, Space, and Matter. An impar¬ 
tial assessment presents the worthiness of 


these materials. .It is an excellent factual 
and analytical account of these projects. 

Excellent bibliography and an index is 
an asset to all who are interested m the 
improvement of science teaching. 

Since the beginning of curriculum re¬ 
formation in the United States, Dr. Hurd 
is actively and passionately engaged m this 
venture. Pie lias written tremendously for 
B S C.S., National Science Teacher’s Asso¬ 
ciation, lectured and provided consultant 
services on new approaches ui science 
teaching. A book from the pen of such a 
dynamic peisonality is most welcome. 

Perhaps the most interesting and certainly 
most challenging aspect of Dr. Hurd’s 
efforts is to project future from the present. 
Very ably he has tried successfully to relate 
past, present and future. Most expected 
trends of future science education are given. 

The book is very well organized, lucidly 
written with a wider coverage of all areas 
of science education The author is frank 
enough about liis standpoint and attitude 
to the education of children in science. 

This book is an essential reading for all 
science educators and science teachers. 
We have just initiated in science curricular 
reformation at the secondary stage. A 
thorough study of this text will save us from 
committing many mistakes. This is the 
contention of the present reviewer. To 
improve the worthiness of learmbtUty 
teachability in science, this book should be 
available in cheap edition and should be 
immediately translated in Hindi. 

J.K. SOOD 
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Some Practical 
Applications of 
Binary Arithmetic 


G.N Skoeelev 

AND 

G S. Baderia 


ALTHOUGH mathematics is getting more 
^ and more abstract day by day, its appli- 
rations ate multiplying. In order that the 
I'itudents can see the powerful tool that 
mathematics provides, it is very important to 
fjive the pupils ‘some’ practical applications 
if modern mathematics. 

In this article we shall show how it is possi- 
I'Ue to explain to the pupils first principles of 
(lie work of a summator in a computer. 

: To understand how the computer performs 
■addition with speed and accuracy, the pupil 
has to know addition in the biiiaiy system. 

I So after explaining the operations in binaiy 
Arithmetic, we can explain to the pupil its 
tactical applications. 

■;*; The fact that in the binary system only two 
are needed to represent any number, 
liBakes this system convenient foi many pi ac- 
d applications and, above all, for use in 
|ompiiters. One of the most important parts 
Ipf a computer is the so-called summator which 
1 for adding two binary numbers. 

In what follows, we shall be expressing nuni- 
s in ‘base two’ without mentioning the 
(tao each time. Observe the following addi- 
W in this base numbers for 10, 1010 

101 1101 
nr lOlU 


In the first example, there is no carrying 
over at any stage. In the second example, 
starting fiom the extreme right, we have 
0+1=1, 1+0=1, 0+1 = 1, 1+1 = 10. In 
the extreme left we have carrying over to the 
next 31 column. 

Let us assume that we add two binary num¬ 
bers and consider a certain column. 

Addition in this column may or may not 
be with a earned over digit from the previous 
digit. Theieforc, if we consider the addition 
of any two binary digits we shall have to in¬ 
vestigate eight variants given in the table 
on the next page. 

If we COnstiuct a summator to add any two 
digits we should foresee obtaining the nece¬ 
ssary digit in the given column (the obtained 
digit) and when necessary foiesee carrying 
over at the given stage (fourth, sixth, seventh 
and eighth lines of the table on the next 
page). 

Representing a binary number in the sum- 
matoi may be loughly explained as below: 

The summator is a combination of a largo 
number of electrical circuits. In any electri¬ 
cal circuit the switch can be in two and in only 
two positions, VIZ. the “off” position and the 
“on” position. We may consider a summator 
to be designed zn such a way that when the 
switch is “off” it represents "o” and when V 
the switch is at the “on” position it represents , 
“1”. Let us consider one example. To 
represent the binary number 110101 in the.' 
summator it is necessary to set the first, thirds 
fifth and sixth switches at the “on” position ? 
starting from the extreme right while the rest 
of Ihe switches should be at the “off”position., 
Similarly, to represent the binary number;; 
1000011 in the summator it is necessary to set ,".; 
the first, second and seventh sw itches from thd ' 
extreme right at the “on” position and the 
rest of the switches at the “off” position. , j„ 3 
Since in a binary system we use only 
symbols namely “0” and “1” and since a switdF 
in an eh-clri: c redt can be manipukted only ■ 
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in two positions, it is obvious that the binary 
system is the most suitable system foi 
computers. 


The first binary digit 

o The second binary 

digit 

Digit carried over to 
the given column from 
preceding column 

The obtained digit 
in the given column 

Digit carried over to 
the next column from 
the given one 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

I 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 


We shall now consider the surnmator used 
in two binary digits for adding (Fig. 1). This 
surnmator has three inputs (A,B,Ki) and two 
outputs (C and Kg). The inputs A and B 
are necessary for putting two digits. If the 
digit A is “one”, the corresponding switch 
antomatically sets itself on the ‘‘on” position 


and thereby an electrical impulse is sent 
[f the digit A is “zeio” the corresponding 
switch automatically sets itself on the “oS" 
position and there is no impulse coming 
through A. We use the input B m a similar 
way. 



The input Ki gives us the possibility for 
carrying over “one” from the preceding sum- 
mator. The output C shows the obtained 
result. If we obtain “one” the corresponding 
switcli will be in “on” position, and there 
will be an impulse coming through C. If we 
obtain “zero” the corresponding switch will 
be in the “off” position, and there will be no 
impulse coming through C. 

If, by adding three digits sent through in¬ 
puts A, B, and Kj we obtain in our surnmator 
10 or 11, “one” will be carried over at this 
stage, which will be directed as an electrical 
impulse, into the next surnmator through the 
output ka In this case the corresponding 
switch will be m the “on” position, and an 
impulse will be sent through Ka. 

If we obtain in our surnmator 1 or 0, there 
will be no carrying over, and no impulse wiH 
be sent through Kj. 

Using the table above we can say quite de¬ 
finitely that there will be an impulse coming 
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(lirougli the output C in four cases : 

1, If A=0, B=0, and ki=l 

2, If A=0, B=], and ki=0. 

3, If A=l, B=0, and ki=0. 

4, If A=l, B = l, and ki = l. 

In other words the output C gives us an 
I inipulse either when there is one and only one 
I impulse through one of the inputs, oi when 
there aie impulses through all the inputs. 
Similarly, through the output kj, theie is an 
iiiipulseni the following four cases • 

1, If A=0, B=l, and ki=l. 

2. IfA=1, B=0, andki=I 

3. If A=l, B = l, and ki=0. 

4, If A=l, B=l, and ki = I. 


In other words, we have an impulse through 
the output ka cither when there are impulses 
through any two inputs, or when there are 
impulses through all the inputs. 


The above summator enables us to add any 
two binary digits taking into consideration the 
carrying over from the preceding summator. 
To explain the addition of any two binary 
numbers, we consider the summator for num- 
beis of SIX digits. Such a summator is a com¬ 
bination of the seven summator considered 
above (Fig. 2). 



Fig. 2 

Example . Add two binary numbers 101011 and 110001. 


Solution: 

To decide what to send through each input, we represent the numbers in a table 
below: 


Inputs 

A? 

A« 

As 

Aa 

As 

A 

Ai 

First numbei 

0 

1 


1 

0 

1 

1 

Inputs 

Bt 

Bo 

Be 


Ba 

Bs 

Bi 

9 

Second number 

0 

1 



0 

0 

1 
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Fig. 3 


Now the compound sumniator begins to 
work The summator at the extreme right is 
the first to start and works in the following 
way. As there are two impulses (through 


and Bi) we obtain no impulse through C 
(the digit from the extreme right is 0), and 
there is impulse through ki (Fig. 4). 



Fig. 4 


In the second summator form the extreme Thus, there will be no impulse through Cj but 
right we have two impulses (through kj and Aa). one impulse through ka (Fig. 5). 



Fig. 5 


This will go on, till addition is performed in result as shown in the diagram given on th? 
each successive supimutpr, Finally we get the next page (Fig. 6), 
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Fig. 6 

The summator gives us the result 1011100. pound summator with tho corresponding 
If we need to add the binary numbers consist- numbei of elements m the summator. 
ing of more digits we have to construct a com- 










Fluorine—the 
Fire-brand Element 


L, D. Ahuja 
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Introduction 


^FTER recognising the elementary nature 
ofchloiincm 1810 Davy stalled electroly¬ 
sing aqueous solution of hydrofluoric acid 
in vessels of sulphur, carbon, gold and plati¬ 
num but succeeded only in decomposing 
water. Faiaday studied the electrolysis of 
molten fluorides, but could not succeed in 
isolating fluorine. It was the experiments 
with mixtures of anhydrous hydrogen 
fluoride and potassium fluoride that 
led to the isolation of elemental fluorine by 



platinum 

ELECTRODE 


BOILINQ MET.HYL 
CHLORIDE 


Fig- 1 


Moissan in June 1886, [Moissan, H. Comet 
rend. 102 (1886) 1543J. His apparatus consist 
ted of a small platinum ‘U’ tube which was 
partly filled with the electrolyte and was cooled 
externally by a bath of boiling methyl chloride, 

A platinum electrode was inserted into each 
arm of the tube. 

Up till World War I, no major change in 
the above method was made, It was in 1919 
that Andeison found that [Trans, Electro, 
Chem. Soc. 35 (1919) 335] fluorine could be 
set tree at above 250‘’C from a graphite elec¬ 
trode by electrolysis of the liquid obtained by 
melting the potassium acid fluoride. 

Lebean and Davie [Compt. rend 181 (1920) 
917] obtained fluorine at anickel anode operat¬ 
ing at about 100°C in an electrolyte containing 
about 2-3 moles of HF per mole of KF. 

Mathers and Stroup [Trans. Electro. Chem. 
Soc. 66 (1934) 245] developed a cell capable 
of operation at room temperature with a low 
melting electiolyte of acid fluoride. 

Little was known about this most reactive 
element before World War I. Had the atom 
bomb not been made for World War II, it 
might have remained still a scientific novelty. 
Though its source, the blue-green mineral 
called fluorspar had long been used for making 
metals and glass, it was the element fluorine 
which was needed to purify uranium required 
for the atomic bomb and it was needed in 
large quantities. 

In wartime, cost is not a consideration. 
Compared to the total cost of the Manhattan 
project, the cost of manufacturing fluorine, a 
few tonnes a day was almost nothing. The 
object was to separate fjom the mote 
abundant but less desirable by a process 
of vapour diffusion of Uranium hexafluoride 
(UFb). This compound was obtained from 
the reaction of UOa with HF to produce UF^, 
which was then treated with fluorine to ohtkiu 
UF,. 
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Table I 

Physical properties of halogens 



Fa 

Cla 

Hr 2 

la 

Argon 

°c . 

—218 

—101.6 

—7.0 

-f-114.0 

—189.2 

b.p. °C . 

—188 

—346 

+ 59 0 

+ 184 

—185.7 

Heat effusion (cal/mole) .. 

382 

1615 

253 

3740 

268 

Heat of vaporisation (cal/raole) 

1581 

4420 

754 

14880 

150 

Gas viscosity X 10. 

2093 

1297 

1900 

1785 

2096 


It is obvious that llLiorine is very different 
from chlorine and that in many ways, its physi¬ 
cal properties closely resemble those of 
argon 

Fluorine is unique among the chemical ele¬ 
ments in the wide range of compounds, that it 
is able to form. Exciting new developments 
in fluorine compounds have been reported 
during the last decade or so. 

Three main factors explain the unusual 
properties of fluorine. 

1. The low dissociation energy of the 
fluorine molecule. 

2. The relatively high strength of bonds 
formed between fluorine and other 
elements. 


3. The lelatively small size of the fluorine 
atom and the fluoride ion. 

Perhaps, the most important property of 
fluorine responsible for its high reactivity is its 
low dissociation energy (37 kcal/mole), Com¬ 
pare it withthe dissociation energy for oxygen 
(110 kcal/mole) or nitrogen (225 kcal/inole) 
respectively, large electron-electron repulsion 
in the fluorine is responsible for its low bond 
dissociation energy. Most of the materials 
can burn in it, producing corresponding 
fluorine compounds. As is clear from 
Table II, the extent of dissociation at 
constant temperature decreases from iodine 
to chlorine but fluorine is dissociated about 
as much as lodiiie (see bond energy). 


Table II 


Some properties of halogen elements 



F 

Cl 

Br 

I 

Electron affinity (kcal/mole) .. 

82 1 

86 6 

82 6 

71.0 

Ionisation potential (kcal/mole) 

402 

300 

273 

241 

Electronegativity (PauUng)^ 

4.0 

3.0 

2.8 

2.5 

Covalent radii (A°) (Sanderson)® 

0.71 

0.99 

1 14 

1.33 

Ionic (A°) . 

1.36 

1.81 

1.95 

2.16 

X-X Bond eneigy (kcal/mole) 

37 8 

58 2 

46.1 

36 1 

Boiling point (°K) . 

85 

239 

332 

460 


1. Pauling, L Natmeof the Chemical Solid, Connell Univ Pi css, N y , 3960. 

2, Sanderson, T. Chemical Periodicity, Reinhold, N. Y., I960, 
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When fluorine is reacled with hydiogen, 
tremendous energy is released. The specific 
impulse of the reaction 

Hj+Fa->2HF 

is about 400 sec. Hydrogen-fluorine motors 
are now being designed in U.S A. 

To understand fully the high reactivity 
of fluoiine one may look at some of the 
atomic properties of the element fluorine. 

The first such property is electronegativity 
which is a combination of electron affinity and 
ionisation potential It reflects the ability of 
an element to attract electrons and form a 
chemical bond. Fluorine has the highest elec¬ 
tronegativity valuej i.e, it has the greatest 
ability to form a stable bond. Even the inert 
gases, xenon and krypton form compounds 
with it (XeFi, XeFo, etc.). It is mainly the 
variation in ionization potential which is 
reflected in the electronegativity value. 
Electron affinity, which mcasLues the tendency 
to form univalent negative ions, varies little 
among the four elements. Although the basis 
for assigning numerical values for electro¬ 
negativity may be a matter for discussion, 
the concept itself is of utmost value. 

The second property is its smallest radius. 
This combined with a very low degree of 
polarisation makes fluorine retain its 
electronic shape in a chemical bond. 

By incorporating fluorine m the molecular 
structure of everyday materials, we can deve¬ 
lop in them many desirable properties, such as 
resistance to corrosion, indideience to heat 
and immunisation against atmospheric and 
other influences. Certain metals such as 
copper and nickel can be used to contain 
elementary fluoiine only because protective 
layers of metal fluoride, which pi event further 
action on their surface 

Some of the well-known modern compounds 
of fluorine arc : 

1. (a) Freons : Everyone living in cities, 


at least, is familiar with freons, the liquids 
used in refrigerators as heat exchangers 
Freon can carry heat from one place to the 
other almost indefinitely without decomposing 
and without clogging gr corroding the pipes, 
To add to these advantages is the fact that they 
are inflammable. 

Not only as heat exchangers, but also as 
lubricants, they are almost unique, Whereas 
the ordinary lubricating oil will carbonise and 
char in a motor car engine, freons do the job 
without ever woirymg about the heat 

1. (b) Fhions : Plastics—the synthetic 
polymers, though versatile in their properties, 
aie inherently susceptible to effects of tempera¬ 
ture. When fluorine is incorporated in 
their molecular stiucture, their susceptibility 
to heat just disappears. It brings to them 
inertness and yet the product can be moulded 
into any shape. Hexafluorobenzene (CbFj) 
and perfluorocyclobutane (C 4 F 9 ) are stable 
up to a temperature of 600°C. 

Nothing has been found that will dissolve 
fliions. Even aqua regia, the acid that can 
dissolve gold and platinum, has no effect 
on this amazing plastic. Articles made from 
it maintain their shape for months at tempera¬ 
tures up to 3000°C. It IS an excellent material 
for modern electrical industries because of its 
exceptional insulating properties against high 
frequency currents 

Space rocket research is making use of 
fluorine plastics to an appreciable extent 

2. Liquid Fluorine : (B.P.—ISS^C). For a 
substance of its molecular weight, the boiling 
point IS very low. It can replace liquid oxygen 
as a rocket propellant, the only difficulty is 
its storage below—I80°C. But with modern 
materials, techniques for its storage have been 
developed. The colour of liquid fluorine is 
“canary yellow.” Its odour is very characteris¬ 
tic and intense It can be detected even when 
present in traces. Its surface tension is very 
low (9 .8 dynes/cm) at 85° K. 
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UnUo-carbons 

llie systematic study of fluoro-carbo ns dates 
jjii 1937 when Simons and Black made the 
^ interesting discovery that reaction of 
(urine with carbon which is normally diffi- 
4 to control, proceeds more smoothly when 
pilion IS impregnated with a mercury salt. 

presumably is rapidly converted to 
0 ciiry fluoride. 

When fluorine is passed through graphite 
' )1 i|20-4fiO°C, a grey hydrophobic material 
’ (obtamed. 

The above reaction is catalysed by hydro- 
: tdoric acid. It is because of this reason that 
pphite electrodes used in the electrolysis of 
{HFjfor the preparation of fluorine rapidly 
bnlegrate. 

The loss of electrical conductivity by gra- 
(hiie on reaction with fluorine is due to the 
iisappearance of plane layers present in gra- 
fbite. Instead, we get puckered layers of car¬ 
ton with distance between the layers of 
t6A° instead of the usual 3.35 A®. 

Substitution of fluorine for hydrogen in an 
organic molecule imparts to the latter certain 
mique properties. Because of the small size 
of radius and a low degree of polarization, the 
C-F bond has a very high dissociation energy. 
Consequently, the intermolecular forces will 
leweak or in other words, the fluoto-carbons 
»ill be having a low boiling point almost 
in the same range as the corresponding hydro- 
tarbons. 

Aaother consequence of the low polarisa- 
Wlilyis alow refractive index. In fact, ref¬ 
ractive indices of fluoro-carbons are less than 
Ihose of any other class of compounds. 

Their insolubility in common solvents like 
methanol, benzene, etc. makes them quite 
'Useful in polymers. 

Yet another property, which has increased 
Ihc utility of fluoro-carbons as industrial 
material, is their low surface tension, A surface 
composed of closely packed CFs groups has a 


very low surface energy (6 dynes/cm). When 
applied to cotton fibre, makes it water-repellent. 
Another advantage of the low surface tension 
of fluoro-compoiinds is their abihty to defoam 
organic solvents. Low surface tension makes 
large bubbles mechanically unstable thereby 
making it impossible to form foams. Because 
of a combination of so many desirable proper¬ 
ties hke inertness, low toxicity, low flamma¬ 
bility, high thermal stability, the commeicial 
importance of fluoro-carbons is increasing. 
They have a steady flourishing market. 

Fluoro-aerosols 

Aerosols were first used in the bug-bombs 
of World War II and due to the popularity of 
the principles, now find use as propellants in 
a wide variety of products for household and 
personal applications. Recently, a new 
fluoro-eaxbon (octa-fluoio-cyclo-butane) has 
been approved as a food aerosol. 

Fluoro-rubbers 

Perhaps the most striking property of 
fluoro-rubbers is their resistance to swelling 
in gasoline, jet fuels, hydrauhe oils and many 
aromatic and chlorinated hydro-carbons used 
industrially. The only drawback is the 
“stiffening” nature of the C-F bond which 
makes the product brittle and unstable at low 
temperatures. But when fluoro-substitutionis 
effected m a silicone, one gets the usual advan¬ 
tages of fluorine substitution added to the 
inherent flexibility of silicone structure. 

As a result of this stiffening effect of the C-F 
bond, the change of viscosity with temperature 
is rather large. This limits the application of 
fluoro-rubbers as hydraulic fluids and jet- 
engine lubricants, where a rigid control of 
viscosity is desired. It has been recognised 
for many years that an element tends to exhi¬ 
bit its highest oxidation state when in combi¬ 
nation with fluorine. This is true not only for 
metals, but other halogens also, for example, 
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compounds like CIF3, CIF5, IF^, Most of 
these inter-halogen compounds are compara¬ 
tively volatile 

Oxygen fluorides 

The fluorides of oxygen aie of topical 
interest both in connection with their possible 
use m high energy piopellant mixtures and 
because of their reactions and structures. 

Fluoro-chemicals as water-repellents 

All fluoro-chemicals do not give water- 
repellent effects when applied to textile material 
but certain types such as those based on chro¬ 


mium complexes of saturated per 
alkyl monocarboxyhc and various fluorinat? 
actyhc and methiiciylic esters do coiiferwatel 
repellency. They are unique in another aspe| 
also; they give oil repellency without coatin^ 
the fabric. But at the present inomeat thf 
cost for using them is prohibitive. 

In fluorine chemistry, quite often there is I 
challenge in the experimental side itself. It i| 
always worth doing the experiment. It maf 
not yield the expected result, but whensuchf 
reactive element is involved, something wilf 
almost certainly happen and this is often th^ 
way in which important discoveries aremadel 
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The urgent necessity to introduce environ¬ 
mental conservation education in school 
is beyond doubt. The basic principles and 
ideas on this are fairly well developed. The 
question now is how to introduce this without 
great disturbance to the existing structure of 
education. For this purpose; 

{a) a comprehensive school curriculum 
for environmental conservation 
education has to be developed; 

(b) this curriculunl should be suitable and 
acceptable in terms of space and dura¬ 
tion within the overall time available 
for instructions in schools. 

Various approaches to the solution of these 
problems have been suggested before. They 
can be roughly grouped into three kinds: 

(1) Topics on environmental education 
may be dispersed through the entire 
or major part of the curricula by 


certain insertions in the syllabi of 
various disciplines. 

(2) A specially designed Nature Conser¬ 
vation Unit may be a chapter or 
section within the framework of one 
of the existing school subjects. 

(3) An integrated course of environmental 
conservation education as a separate 
discipline co-equal to other school 
subjects. 

Each of the above approaches has its advan¬ 
tages and disadvantages, the general conclusion 
being that the more valuable and attractive 
the proposals for introducing the entire en¬ 
vironmental conservation concept, the more 
difficult seems to be the task of implementation 
within the school curricula. This is quite 
understandable in view of the already over¬ 
strained instructional time in the school and 
also the over-loaded curricula. 

The integrated approach is very popular. 
No doubt this approach is the best way to form 
the whole idea of environment and make the 
younger generations aware of it. However, 
its immediate implementation requires at least 
30 school hours (if one period a week is the 
minimum). Where can we get this hour ? 
None of the school subjects can be forced 
to yield this hour in favour of a new subject 
wi^n the existing time limit. On the other 
hand nothing can be added smoothly to the 
present 30 to 36 hours per week of the school 
time. 

As for the “topics” approach, specialists in 
each field can easily find a little space within 
the respective syllabi for definite insertions 
which concerns both environmental conser¬ 
vation and the particular subject This 
approach however does not allow any oppor¬ 
tunity to integrate those topics and to turn 
them into an environmental philosophy. 

The “chapter” or “unit” approach is an 
obvious compromise between the two. As with 
any compromise, it combines the advantages 
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and the disadvantages of both the integrated 
and topics approach. Obviously the conser¬ 
vation chapter should be in line with the 
subject in which it is included. This would 
mean certain limitations to the content of the 
chapter or unit. For instance some social 
or technological aspects of environmental 
conservation will look unnatural inside the 
biology syllabus and vice versa. Nevertheless, 
the advantages of this approach outweigh its 
disadvantages. Experience has shown us that 
it is possible to set aside 12 to 16 periods 
(school hours) for environmental conservation 
chapter within the biology or geography 
syllabi of the schools mainly by re-arranging 
and omitting some descriptive material. This 
time is relatively sufficient for presenting the 
chief aspects as well as the integrated idea of 
environmental conservation. If this is accom¬ 
panied by a number of environmental topics 
incorporated into this and other disciplines 
such a combined approach is good enough 
to achieve the basic objectives of environ¬ 
mental conservation education in schools. 

For the reasons stated above we treat these 
three approaches as successive stages rather 
than alternatives in the implementation of 
the introduction of environmental conser¬ 
vation education in the school curricula 

In our view the time is ripe to concentrate 
efforts on introducing the second stage namely 
the “chapter” or “unit” approach mainly into 
biology and geography curricula, Firstly, 
it is much easier under the existing circum¬ 
stances to achieve a partial revision of these 
syllabi than to carry out an all-round reform 
of school curricula as a whole. Secondly, 
there ate practically no biologists or geog¬ 
raphers including curriculum makers who 
object to incorporation of environmental 
conservation into their subjects. Thirdly, 
this stage preceded by the dispersion of en- 
viromnental topics in many subjects in fact 
provides a good opportumty to sum up this 


scattered knowledge into a coherent whole 

The most complete “integiated” approach 
should be consideicd the third and final stage 
of implementation of school environmental 
conservation education We do not think 
that favourable circumstances for its inimedi- 
ato introduction into school cuiricula exist in 
many countries for leasoiis mentioned above. 
It does not mean that the working out of this 
integrated ciu-riculum for environmental 
conseivation should be given up On the 
contiary such a syllabus should be leady for 
implementation as soon as circumstances allow 
it. Moreover, such a situation may develop 
even now in some developing countries espe¬ 
cially in those in which new school ciuricula 
aio being designed or completely revised. 

Our favouring the “unit” approach reflects 
ourown experience Inthe course of develop¬ 
ment of new science curricula for Indian 
schools it was tins approach which was chosen 
to introduce the environmental conservation 
concepts. It is a natural follow up (and this 
is combined) with the environmental topics 
and elements taken up in the course of general 
science (primary science), biology, geography, 
chemistry, etc. In other words the lattei are 
crowned by a special chapter “Conservation 
of Nature” within the first part of biology 
syllabus for the High/Higher Secondary 
School (class 9, age group 14-15).* This 

*At present m Delhi and some States of India 
thell-yeai school educational pattern consists of 
the primary (Classes 1—5, 5+ to 10-f- age groun), 
middle (classes 6—8, ago group 11 -1-to 13 4) and 
higher secondary school (classes 9—11, age gfoup 
14 H- to 16 +). In other Stales the 10-yeai school 
pattern is established. Teaching of science as separate 
disciplines (physics, cheniisUy, biology, etc.),is 
running through middle and secondary schools. For 
instance biology is taught for 6 yeai s (3 periods a 
week, totally about 500 periods). In class 9 biology 
course IS mostly devoted to ecology Therefore, the 
chapter “conservation of natuic” is preceded by 
divisions like “Population”, “Biocenosis” and 
“Biosphere". ' 
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laoter involves 16 periods (school hours^ 

' some 20 per cent of the class 9 biology 
Iculum. It contains the following mam 
lemes; “vital importance of conseivation 
[ nature for the existence of life”, 
Management of natural lesouices in a 
i»liotial way”, “conservation of atmospheric 
jr, water resources and sod”, “the global role 
/(liegieeii cover”, “protection of wild life”, 


“national and international effoits for effec¬ 
tiveness of environmental conservation”, etc. 

The new science curriculum, including envi¬ 
ronmental conservation in the above mention¬ 
ed form IS, being introduced on an experimental 
basis in all States and Union Territories of 
India, under the Secondaiy Science Teaching 
Project. 
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jy^ETALS form a very important class of 
^ materials in modern society. Their 
uses in day-to-day life both domestic 


as 


well as industrial are too numerous to be 
listed in brief. Many of these are very 
familiar to us and probably do not require 
to be emphasized. 

As everybody knows, materials occur in 
nature in the form of certain chemical 
compounds. These naturally occurring che¬ 
mical compounds are called minerals For 
example, iron occurs in chemical combination 
with oxygen in a mineral called hematite 
which IS iron oxide of chemical formula 
FCjOa. Likewise copper occurs in combina¬ 
tion with sulphur; one of the principal 
minerals is called chalcocite with chemical 
formula Cu^^S The metal has to be isolated 
from the mineral by chemical treatment 
which usually involves roasting in a blast 
furnace followed by reduction of oxide 
formed to the metallic state. 

The natural compounds referred to as 
minerals do not always occur in the pure 
state. Quite often they are associated with 
sand and other worthless matter commonly 
called gangue. The rock in which the 
mineral occurs (along with gangue matter) is 
called an ore body or ore deposit. The 
percentage of the economic mineral which 


is sought for the extraction of metal varies' 
from one deposit to another. There are very! 
few legions where high grade deposits, % 
ores m winch the percentage of economicl 
mineral is very high, are found. As the 
modern society consumes metals at a very 
fast rate, the high grade deposits are rapidly 
getting exhausted. Man has therefore to 
exploit the numerous low grade deposit! 
to meet his requirements 

It is not possible to treat the low grad^ 
deposits directly for isolating the metal. li 
IS necessary to separate the economiil 
mineral from the gangue matter. This is fori 
two main leasons. Firstly, the presence of ^ 
large mass of gangne matter results in larg^ 
consumption of fuel in the blast furiiace| 
obviously this is a wastage Secondly, if tl ‘ 
low grade deposit is directly subjected^ 
chemical treatment it is likely to yields 
complex molten mass from which it would bi 
very cumbersome to recover pure metal. Foi 
these reasons the desired mineral has to bi 
separated from gangue before subjecting it t 
chemical treatment for the isolation of ok 
ment. This step is called mineral processinj 
It is also referred to as ore dressing or minen 
beneficiation in modern literature. 

Several techniques have been devdope 
for mineral processing. Many of these ai 
based on certain characteristic physical pti 
petty of a mineral by which it is distinguis 
ed from the gangne matter. Methods basi 
upon specific gravity, magnetic prop 
and surface pioperty are in use and will 
described in this article. 

Ore Treatment 

A preliminary step in all mineral proce 
mg IS powdering the ore body to the dcsii 
degree of fineness. This is done by crui 
ingthe ore to small bits followed by gtindi 
of these bits to powder form. Grindin® 
done 111 machines called ball mills. In th 
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|jj{oreis constantly rubbed against por- 
liljia balls by mechanical agitation. This 
jjjlts m progiessive grinding of the ore. 
jlinding is continued until the desired parti- 
|i size is reached. The object of grinding 
I two-fold. Firstly, the particles must be 
llficiently light; secondly, the particles of 
lleniineral must be distinctly separated from 
pose of the gangue. This is known as 
leration. If liberation is not satisfactory, 
Ite gangue will be earned along with the 
mineral in Ihe subsequent step in process- 
(g since the two are interlocked in the ore 
jfiin, Separation of mineral from the gangue 
,itil not be achieved. For this leason, be- 
f(je the processing technique the ore body 
(Hist be ground sufficiently well. The ex¬ 
tent of liberation of the mineral and the 
jinugc particles can be observed by examin- 
ijig a sample of the ground ore under a mic¬ 
roscope. The time of grinding is adjusted 
inch that just the satisfactory degree of li- 
; leration is reached. Grinding should not 
ke carried beyond this stage because the ore 
. particles would be too fine to be handled 
j by the processing techniques. 

1 We shall now consider some of the widely 
employed methods of mineral processing. 

j Gravity Separation 

^ One of the methods which has been in use 
^ for more than a century is based upon se- 
parating the two constituents of an ore body 
1] taking advantage of the difference in specific 
^ 'gravity between the two constituents. 

One of the techniques based on tins piin- 
ciple is called jigging. This is apphcable 
when there is appreciable difference m 
» the densities of the two constituents, 
ed For example, galena (lead sulphide) 

ib- which has a density of 7.5 gm/cc can be 
njl separated from quartz (gangue matter) 

:if which has a density of 2.7 gm/cc. 
esfWhpa the particles of the^e two fqll 


freely in water they have different velo¬ 
cities, the heavier particles falling at faster 
rate. In order to bring out better separa¬ 
tion the particles are made to fall in a ris¬ 
ing stream of water. Under this condition 
the velocity of galena is reduced from 260 
mm/sec. to 110 mra/sec. On the other hand, 
quaitz particles of equal size which fall at a 
velocity of96 mm/sec. would have their 
velocity altered to the neg.ative direction by 
a stream of water rising at a speed of 150 
mm/sec. Instead of falling they now rise 
at a speed of 54 mm/sec. This differen- 
ual settling can thus be used to make 
these particles pursue opposed paths 
thus bringing out a good sepaiation. 

In actual practice of jigging, water is pulsed 
strongly upward and downward through a 
bed of particles so that they alternately be¬ 
come water borne and settle. This is done 
by filling the ore particles in an ore box which 
IS then pushed up and down through a tank 
of water. The operation is continued until 
the particles assemble themselves with the 
lightest above and the heaviest below. 

This method essentially exploits the differ¬ 
ence in density between particles of similar 
size. The process is mostly suitable for ores 
which are adequately liberated at a fairly 
coarse level of grinding. It is widely used 
in beneficiating coal, iron, barytes (BaSO^), 
galena (PbS) zinc blende (ZnS) and fluorite 
(CaF,). However, a large body of ores 
mined today usually require fine grinding 
and are, therefore, unsuitable for jigging. 

Another method closely related to the one 
just described makes use of the separation 
of particles in streaming currents of water. 
A sheet of water flowing down a slope acts 
as the principal agent in separating the con¬ 
stituents of the ore. This method, also de¬ 
pendent upon the significant differences in 
densities of the constituents is called film 
sizing. The appliances us^d to separate 
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heavy minerals from lelatively ligliL depend 
mainly upon the work done by wafer as it 
encounters ore particles while flowing down 
I an inclined plane. This plane may be smooth 
or rough; gently or steeply inclined; stationary 
or mobile. Instead of a plane, concave or 
convex surfaces may be used. The flow of 
water may be quite or intermittent. When 
a number of special particles roll down a 
lightly tilted plane the largest spheres travel 
fastest and the smallest ones slowest. Of 
two spheres having the same density the lar¬ 
ger moves faster. Of two having the same 
diameter, if the slope is relatively gentle the 
lighter sphere travels faster. Now if the whole 
plane is moved sideways, the spheres are 
subject to a horizontal displacement which 
varies in accordance with the length of the 
time they take to roll down. The net result 
of all these is that the original mineial feed 
spreads i nto bands according to the size and 
density of its constituent particles. The 
feed will have segregated into three 
mam products; fastest moving consisting of 
coaise light particles essentially those of the 
gangue; medium moving comprising fine light 
mineral and coarse heavy mineral; and the 
slowest moving consisting of fine heavy parti- 
eles essentially those of the economic mineral 
which has considerably higher density than 
that of the gangue, The separation 

of the three fractions will not be good enough 
in a smooth plane. In order to get improved 
separation the plane is divided into narrow 
pockets by employing partitions which allow 
the flow of water in a direction right angle 
to their length, but retain the mineral parti¬ 
cles settling in them. These are called 
riffles. The particles settling in the pockets 
provided by different riffles will follow the 
pattern given above. It is, therefore, possi¬ 
ble to collect the settled particles consisting 
of the constituents separated in accordance 
With tfieir densities and degree qf fineness. 


This technique employing a plane consisting ^ 
of a number of nflfles is called tabling, it 
is particularly employed m the procesring of 
gold, separating the gold particles from the 
associated quartz, advantage being taken 
of the considerably high density of 
gold. 

Heavy Media Separation : An extension 
of gravity method involves the use of a dense 
liquid, the density of which is in between 
those of the two constituents desired to be 
separated. If a fluid of suitably high density 
can be maintained m a sufficiently qmet and 
Liable condition the relatively heavy paiticles 
fed into it sink while the light ones float. A 
medium of high specific gravity may be pro¬ 
duced by the use of organic liquids of high 
density, solutions of salt or suspensions of 
slow settling solids in watei. In some places 
mixtures of liquids are used to get a medium 
of desired density. Tetrabroffloethane 
(QHjBrj, specific gravity 2.17), ethylene 
dibromide (CaHiBra, specific gravity 2 17), 
pentachloroethane (C^HCLs, specific gravity, 
1.68), trichloroethylene (CgHCTs, specific 
gravity 1 46) are the typical examples. These 
are employed for the beneficiation of coal. 
The method has been extended in recent years 
for the beneficiation of medium grade mangan¬ 
ese ores in which pyrolusite (MnOa) is the prin¬ 
cipal constituent. The organic liquids suffer 
from the disadvantage of being highly expen¬ 
sive. They have been replaced by a concen¬ 
trated solution of calcium chloride of spe¬ 
cific gravity 1.35. Another variation intro¬ 
duced IS the application of very finely divided 
solids suspended in water. A mixture of clay, 
finely ground barytes (BaSOi) mixed in a 
ratio of 2 -.1 can be diluted with water to any 
desired density up to 1.8 gm/cc. When media 
of higher densities are required, magnetite 
(FeaOi) or galena could be used. In modern 
times ferrosilicon is the most widely 
' vsed spbstancp. A J5% ferrosilicon enn 
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ie used to produce heavy media with speci¬ 
fic gravities up to 3.5. 

IVtagnetic Separation 

When a particle is placed in a magnetic 
field it either attracts or repels'the flux flowing 
between the magnetic poles. A substance is 
said to be paramagnetic when it concentrates 
lines of force to reach a flux density greater 
than unity and diamagnetic when it repels 
lines of force. Paramagnetic substances are 
attracted towards regions of greater flux 
density while diamagnetics are repelled. 
When 'paramagnetism is strong it is called 
ferromagnetism. This property is exploited 
for the concentration of certain minerals. 
Diamagnetic forces are too feeble to be of 
.use in mineral processing, and minerals res¬ 
ponding to these and those with feebly 
paramagnetic properties are classified under 
nonmagnetic minerals. Strongly and weakly 
magnetic minerals are differentiated into 
separate products. The strongly magnetic 
particles are deflected froiri the others in a 
•moving steam of material. 

For the purpose of magnetic separation, 
minerals are differentiated from each other 
by their magnetic susceptibilities which is 
the ratio of intensity of magnetisation to 
the strength of the magnetic field. When 
maximum magnetisatiou is reached the 
"particle is said to be saturated. At moderate 
field strength all ferromagnetic minerals 
become saturated These include mainly iron 
.minerals like magnetic pyrrhotite (FeS), 
magnetopyrite (FeSj), ferrosiheon (FesSi) and 
magnetite (FejOa). Minerals of low magnetic 
susceptibilities can be processed by employing 
strong fields (up to 20,000 gauss) produced 
by powerful electromagnets. . Among the 
ores which may be directly concentrated by 
magnetism are franklipite (FeaMnsZnOt), 


ilmenite (FeTiOg) and wolframite besides the 
ferromagnetic minerals just mentioned. 

In actual practice a non-magnetic drum 
is made to rotate above a series of oppositely 
charged magnets. The mineral particles 
are fed to pass round the drum The mag¬ 
netic lines of force grip the ferromagnetic 
minerals which roll with each change in 
polarity till they are pulled clear of the free- 
falling non-magnetic constituent (gangue). 

Froth Flotation 

The method of froth flotation is a very 
useful technique especially valuable for the 
beneficiation of low grade ores containing 
sometimes as low as 1-2% economic mineral. 
This method essentially consists in making 
the mineral particles float at the surface 
of water while the gangue matter sinks. 

In general, all the metallic compounds 
have densities greater than that of wafer and 
as such they cannot by themselves float 
at the surface of water. In order to make 
them float, use is made of the fact that when 
projperly conditioned, mineral particles get 
themselves attached to air bubbles and are 
thereby carried to the surface. 

The process of flotation, therefore, requires 
the pioduction of air bubbles in water and 
conditioning the mineral particles in such 
a way as to make them get attached to air 
bubbles. When air bubbles are blown in 
ordinary water they collapse as soon as they 
are formed. For the success of the flotation 
of minerals, they should persist for a fair 
length of time so as to allow the mineral 
particles to come in contact with them. For 
the stabilization of air bubbles certain re¬ 
agents known as frothers are employed. 
On account of this the process is known as 
froth flotation. 

What is the characteristic of a frother 
and what brings out stabilization of air 
bubbles in their presence? The frother mple- 
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cule essentially contains two groups referred 
to as polai group and non-polar group. The 
entire molecule is known as the one possess¬ 
ing heteropolar structure. A very simple 
example of heteropolar molecule is alcohol, 
C 2 H 5 OH. In this the hydrocarbon group 
—CjH, IS the non-polar group. The pro¬ 
perty of such a group is that it does not 
mix with water. All hydrocarbons are 
immiscible with water; this property is 
reflected in the lack of afllnity of hydrocarbon 
group to water which is due to its chemical 
nature. On the other hand the —OH group 
has an affinity for water which is due 
to its chemical nature. A study of the 
electronic structure has shown that —OH 
group resembles water and hence it can 
mix with it whereas a hydrocaibon group 
has a structure incompatible with that 
of water and the two do not mix. Besides 
—OH group certain other groups like 
carboxyl (—COOH), ketonic (—CO), alde¬ 
hyde (—CHO) or ester (—Coo) also possess 
polar nature. 

When a compound possessing such 
heteropolar structure is added to water it 
tends to concentrate at the surface. The 
surface is better referred to as air-water 
interface. By accumulating at the air- 
water interface the molecule is able to satisfy 
its affinity for water, due to the presence 
of polar group as well as the lack of affinity of 
the non-polar group for water. When 
a group has no affinity for air it tends to get 
away fiom it and go towards air. Thus, 
the frother molecules tend to concentrate 
at the air-water interface provided by the 
air bubbles being blown into water, thereby 
serving as a link between air and water. 
This results in the persistence of am bubbles 
in water for a fair length of time. 

Typical frothers employed in flotation 
process are pine oil, eucalyptus oil, cresylic 
acid which arc all pleasant smelling organic 


compounds possessing heteropolar structure 
and having fair solubility in water. 

The second essential requisite for mineral 
flotation is conditiomng the mineral 
particles in such a way as to make them 
air avid. This is achieved by the 
application of another class of flotation 
reagents called mineral collectors, These 
are generally water soluble chemical com¬ 
pounds which also possess heteropolar 
structure comprising a hydrocarbon group 
and a polar group. The primary differ¬ 
ence between a frother molecule and a col¬ 
lector molecule is that the polar group of the 
frother molecule has an affinity for water 
while that of the collector molecule has an 
affinity for a specific mineral surface. 
When the mineral is treated with such a 
reagent, it acquires a thin film on its surface. 
This is something like a film of oil which is 
not wetted by water. This non-wettability 
IS due to the hydrocarbon group present, 
The mineral acquires such a film because 
of the presence in the collector of polai' group 
having an affinity for the mineral. When 
the mineral acquires such a film called 
hydrophobic or water repellent (meaning 
thereby that it gets repelled away from water) 
film, it becomes air avid. Its surface is not 
wetted by water and consequently it gets 
attached to air bubbles. 

The flotation due to the hydrophobic film 
can be demonstrated by means of a thin 
zinc plate. If the clean plate is put at the 
surface of water it immediately sinks due 
to its greater density. Now if its surface 
is thinly smeared with grease and then 
the plate is kept on water with the greasy 
side in contact with water surface, the 
plate floats since water is not able to 
wet the surface. 

The specificity of a collector towards 
a mineral is an important factor in the 
separation of the mineral by frotfi flotf^- 
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w The fact that a particular collector 
3 'A’ forms a hydrophobic surface at a certain 
'I jimeral ‘B’ and not at silica surface enables 
; :lie separation of ‘B’ from the associated 
' sand. The reasons for the specificity 
of collectors to minerals are not fully under- 
stoodln all cases. It is partly due to chemical 
interaction between the collector and 
the atoms present at the mineral surface 
and partly due to the uptake of collector 
ntoleoale at the mineral surface due to 
physical forces of attraction, a phenomenon 
known as physical adsorption. 

Commonly employed collectors are 
potassium xanthates having^ the general 

C„Han+iOC—S-K+; 
formula \ 

S 

Potassium ethyl xant hale is mostly employed. 
These are specific for sulphide mine¬ 
rals like galena (PbS), chalcopyrite (Cu 
FeSj), zinc blende (ZnS) and the like. 
For oxide minerals (like hematite) long 
chain fatty acids (possessing a carboxylic 
group) like stealic acid, oleic acid and 
oaproic acid are found effective collectois. 
Long chain mines like dodecylamine 
are also used for these minerals. In 
recent times several complexing agents 
which are known to form complex compunds 
with certain metals are coming into use 
as mineral collectors. 

The method of froth flotation is also 
useful in separating two or more rmnerals 
present in the same ore body This 
is done by introducing certain modifying 
agents in the process. Such modifying 
agents are broadly classified under two 
names, activators and depressants. A 
depressant is a reagent which prevents 
the flotation of a mineral by a collector 
that would otherwise float the mineral. 
The most common depressant is any 
alkali. On increasing the concentration 


of alkali the hydroxyl ions geneiated 
pieveiit the action of collector at the 
mineral surface. The concentration of 
alkali required for depiession varies from 
mineral to mineral. By controlling the 
concent! ation of the alkali it is possible 
to bring out selective flotation of one of 
the minerals. For example, from an ore 
body containing pyrite (FeS^) and chal¬ 
copyrite, it IS possible to float chalcopyrite 
by raising the pH to about 8.5. 
At this pH the collector used 
(xanthate) will not be able to act 
on pynte which is thus depressed. The 
principle here is that while chalcopyrite 
can tolerate hydroxyl ion concentration 
even up to pH 10 (above this that too 
gets depressed) pynte gets depressed when 
the hydroxyl ion concentration goes 
beyond pH 7 5, This principle is followed 
in the beneficiation of chalcopyrite from 
ore deposits found m Ghatsila in Bihar 
State. 

The function of an activator is opposite 
to that of a depressant. By its presence, 
an activator facilitates the action of a 
collector at a mineral surface which would 
otherwise not respond to the collector. 
It may also function by neutralizing the 
previous action of a depressant. Acti¬ 
vators are generally inorganic substances 
and they too are useful in the selective 
flotation of different minerals present 
in the same ore body. 

One of the well-known examples of 
selective separation of minerals by froth 
flotation method is found in the bene¬ 
ficiation of lead-zinc oic occurring 
at Zawar in Rajasthan State. The ore 
body Contains about 5—6 per cent galena 
(PbS), 5—6 per cent zinc blende (ZnS) 
and 1—2 per cent pynte (FeS^) besides 
a large percentage of silica gangue. The 
powdered mineral is subjected to flotation 
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in piesencc of lime and potassium cyanide 
used as depiessants, potassium ethyl xant- 
hate as collector and a frother. The quanti¬ 
ties of lime and cyanide are so controlled 
as to bring out the depression of pyiite and 
z in c blende Under these conditions 
only galena floats. After separating galena, 
the remaining pulp is activated with cupric 
sulphate which serves as an activator 
for zinc blende. Thus, flotation of zinc 
blende is brought out after the flotation 
of galena. A satisfactorily clean separation 
of the two minerals is thus achieved. 

In modern limes, highly complex ores 
containing a large number of minerals 
are processed by froth flotation, The 
process generally involves application of 
different modifying agents, varying the 


nature and concentration of reagents^ 
suitable foi diifereiit minerals. This 
together with the fact that flotation 
IS particularly suitable for the concentration 
of very low grade oies has made it a 
most important process m miueial techno¬ 
logy. 

Various new techniques of mineral 
processing aie constantly being developed, 
Most of these are dependent on specific 
physical properties some of which were 
mentioned m this article There are also 
methods involving chemical treatment of 
the mineral. These chemical methods also 
form a very important branch of mineral 
processing known as hydrometallurgy. It 
IS proposed to describe these in a separate 
article. 
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THE MEDICINES are the most important 
^ things for establishing happy human 
society. Their mam source is plants. The 
grasses are a group of plants having complete 
domination over animal life. Domestic 
animals get thoir food in the form of fodder 
from grasses. We get food from wheat, barley, 
etc.; sugar from sugarcane; paper from 
Bansi, Saccharum sp. etc; essential oil from 
lemon grasses and ornamental plants and so 
on from grasses. The main grasses of India 
having medicinal values are listed below. 

1. Agropyron repens (Linn.) P. Baeuv 

The plant with long creepi ng underground 
rhizome, is mostly found in Kashmir and 
adjoining areas. 

The rhizome of the plant contains triticin, 
dextrose, mucilage, mannitol and inositol. 
It is demulcent, diuretic and is used internally 
in the treatment of catarrhal diseases of 
genito-unnary tract in the form of liquid 
extract or decoction. The decoction is 
a suitable vehicle for bladder sedatives and 
antiseptic. This grass has succeded in 
achieving place m a lecognised Indian 
pharmacopoea. 

2, Arundo donax Linn. 

It IS a tall perenniql ornarnental grass 


having long drooping and tapeiing 
leaves. Commonly it is called ‘Bara nal’ in 
Hindi and ‘Spannish cane’, ‘Giant reed 
grass’ in English. 

A decoction of the rhizome is said to 
stimulate menstrual discharges and diraimsh 
the secretion of milk. It is also consumed 
in the manufacture of musical pipes 
(Bansuri), walking sticks, fishing rods, etc. 



Plant of Wheat, a well-known source of 
food and medicines. 


3. Cymbopogoii eitratus. (DC) Stapf 

The grass is cultivated throughout the 
country for its economic value. In Hindi 
it is commonly known as ‘Sugaiidh’, 
‘Aghyaghas’ and m English as ‘West 
Lemon Grass’. 

The oil obtained by distillation is well- 
known lemon-oil. The leaf buds of the 
plant are sold m market as a flavour for 
curries, The plant is good laxqtive and used as 
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antilielmintic. The sufierer from ,bronchitis, 
epileptic fits and Icpiosy aic said to be 
benefited by drinking infusion of the plant. 
The oil IS said to be an excellent embrocation 
for chronic rheumatism, sprains and neural¬ 
gia. The infusion of its leaves is taken as a 
substitute for tea as arefieshing beverage. 

Cymbopogon flexuosus (Nees) Wats 

The grass is mostly found in Tamil Nadu 
as well as in northern parts of the country 
as a wild species. It is commonly called 
‘East Indian Lemon Grass’. 

This grass is the source of valuable 
aromatic oil known as oil of lemon grass 
which is a source of vitamin A. The oil 
IS also used in cosmetics and perfumery. 

Cymbopogon Jvvarancusa (Jones) Schult 

This grass is very common in northern, 
eastern and western pacts of the country. 

The grass is well-known as a febrifuge 
and has obtained its common name ‘fever 
arrester’ from this very characteristic. 
The grass is also used as a stmailant and 
as a sudorific in gout and rheumatism 
The oil smells like peppermint, 

Cymbopogon Martinli (Roxb.) Watson 

The grass is very common in all parts 
of the country except southern parts. 
It IS commonly known as ‘Mirachganda’, 
‘Gandhejghas’ m Hindi and ‘Ginger Grass’ 
in English. The plant is found in two varie¬ 
ties ‘Motia’ and ‘Sofia’ called by local. 

‘Motia’ is a source of valuable palmrosa 
oil while ‘Sofia’ is a source of ginger-grass oil 
which contains large quantity of geraniol. The 
oil of the grass is useful on lumbago, 
baldness and m skin diseases. It is also 
taken internally in billions complaints. 
The oil is recommended in mosquito 
repellent ointments. The aromatic oil 
}s used in perfumerj' and cpsmetics, 


Cymbopogon nardus (Linn ) Rendle 

The grass is distributed widely in south¬ 
ern and eastern paits of the country. The 
species is also cultivaied m some southern 
parts for its valuable citronella oil. The 
grass is'commonly known as ‘Ganjani’ in 
Hindi and ‘Citronella Glass’ in English. 

The infusion of the grass is utilized as 
stomachic and carminative. The oil is 
consumed in the preparation of insect repel¬ 
lent ointment and as perfumery in cosmetics. 

Cymbopogon schoenanthus (Linn.) Spreng 

The grass is distributed in the western and 
southern parts of the country specially 
in dry areas. It is commonly called 
‘Rousaghas’ in Hindi and ‘Camel Grass' 
in English. 

The infusion of the grass is used as a stoma¬ 
chic and the oil is useful in iheumatism. The 
decoction of the plant is given as febrifuge, 
Beside its diuretic value it is also said to pro¬ 
mote the dissolution of stones in the bladder. 
The oil IS very much useful in various 
diseases varying from gout, fever, cholera, 
coughs, leprosy, indigestion and haemorr¬ 
hages. 

i 

4, Desmostachya bipinnat (Linn.) Stapf 

This perennial tall grass is very common 

in desert and semidesert areas such as fallow 
fields, etc., throughout the country. Com¬ 
monly it IS known as ‘Daab’, ‘Durva’ and 
‘Kusa.’ 

The plant is utilized as an ingredient of 
medicines in dysentery and menorrhagia. 
It is also useful in diuretic. 

5. Hordeum vulgare Linn. 

An annual herb cultivated as food crop 
in North India. Commonly it is known as 
‘Jau’ in Hindi while as ‘Barley’ in English. 

The seeds are demulcent, easy to digest 
apri ar? ase4 in dietary of sick, ParcherJ Phd 
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powered giains are largely used in the foim 
of j gruel in cases of painful and atomic dy¬ 
spepsia The extract has become extremely 
popular both as a nutritive and demulcent, 
jud as a means for rendering other medi¬ 
cines palatable. 

I), Otyza saliva Linn. 

This glass IS cultivated all over the coun- 
I try as a food crop in rainy season. It is 
[ commonly known as ‘Dhan’ and without 
husk as ‘ChavaT In English it is called 
'paddy’ and without husk as ‘lice’. 

1 The seeds are cooked and eaten in place of 
* bread. Thence gruel is very useful in distur¬ 
bed digestion, bowel complaints, diarrhoea 
and dysentery. The rice-water is refriger¬ 
ant and forms a soothing and nouiishing 
drink in febiile diseases and inflammatory 
states of intestines. It is also utilized in the 
form of poultice, like Unseed meal poultice. 
The rice-bran oil is used for soaps and cos¬ 
metics and as an anticorrosion oil. 

7. fanicum antidotale Retz 

This IS a tall, glabrous, perennial glass 
often found on sand dunes, in the dry bed 
of rivers and in deserted places throughout 
the country. In Hindi it is called ‘Bansf, 
'Gunnara’ and ‘BansiT. 

The smoke of the burning plant is recom¬ 
mended as a good medicine for fumigating 
wounds and as a disinfectant in smallpox 
This fodder grass is also consumed for the 
fixation and reclamation of sand dunes. 

Pauicum miliaceum Linn. 

This grass found in the dry parts of north¬ 
west India is a hot weather crop. In Hindi 
it is known as ‘Chm’, ‘Ami’ and ‘Coininon 
millet’ in English. 

The plant extract is used as a cure foi go¬ 
norrhea. The grains are edible and the straw 
is utilized as fodder. 


8. Penniseium conipressiun 

Pennisetum compressuin and other species 
like P glaucum, P. typhoideum commonly 
known as ‘Bajra’ are cultivated througliout 
the country. These are useful in heart 
diseases. 

9. Phragmites karka (Retz.) Trin 

This plant is a tall perennial grass distri¬ 
buted throughout the country and is very 
common in wet places Commonly it is 
called ‘NarkuT and ‘Nal’ while in English it 
IS known as ‘Common Reed Grass’. 

The grass is useful in biliousness, urinary 
troubles, vaginal and uterine complamts, 
erysipelas and heart diseases The plant 
is having good place in ayurvedic medicines 
The culms of grass are also utilized for piepa- 
ring chairs, baskets and mats, etc. 

10. Saccharum officinarum Linn. 

This tall many noded grass is cultivated 
throughout the tropical regions of the 
country for its sweet juice. Commonly 
it is called ‘Ikh’ or ‘Ganna’ and ‘Sugar¬ 
cane’ in English. 

The stem and roots of the plant enter 
into ayurvedic prescription as diuretic, 
cooling and aphrodisiac. It is also recom¬ 
mended for intestinal troubles, anaemia, 
erysipelas and leprosy. The various 
parts of the plant have figures in cures for 
snake-bite The molasses is utilized in 
cooking, also for piepariug rum, industrial 
alcohol and synthetic rubber, etc. 

Saccharum munja Roxb. 

This is a very large tufted fodder grass 
mostly cultivated for its valuable fibre. 
Commonly it is known as ‘munja’. 

The stem is refrigerant and is useful 
in burning sensation, blood troubles and in 
urinary complaints. The lower part of 
the stem is consumed in making chairs, 
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tables, baskets, screens and lining for walls. 
The upper half of the stem is used for 
thatching house, boats, carts, etc. 

11. Setaria Jtalicii (Linn.) P. Beauv 

This grass is found occasionally in marshy 
places and cultivated in Andhra Pradesh, 
Tamil Nadu and Assam hills for its grain. 
In English it is commonly called as ‘Italian 
Millet’ while m Hindi it is known as 
‘Kaiigiu’. 

The grains of the plant are diuretic and 
astringent and externally recommended 
in rheumatism 

The fruiting heads of Setaria Verticillata 
known as ‘Laptuna’ in Hindi are an effec¬ 
tive protection against rats. 

12. Triticum Acstivum Linn. 

This plant is widely cultivated throughout 
the country as ‘rabi’ crop Commonly it 
is known as ‘Genhu’. 

The seeds of the plant enter into many 
prescriptions of ayurvedic practitioners. 
It IS laxative, a tome and an aphrodisiac. 
The giains are cooling, nourishing, fattening 
and increase appetite and relish for 
food. 

13. Vetiveria zizanioides (Linn.) Nash 
Plant is well distributed thioughout the 

country specially near the banks of livers. 


canals and ponds. It is commonly called 
‘Khas Khas’ in Hindi and ‘Vetiver’ m 
English. 

This perennial grass is famous for its 
sweet-smelling roots. Its roots are 
ayurvedic cure for snake and scorpion stiug, 
The infusion of the roots brings relief in 
fever, blood diseases, biliousness, excessive 
sweating and so on. The paste made of 
the ground roots applied to biuises, swelling 
and burning sensation and has an almost 
magical effect. 

14. Zea mays Linn. 

A tall annual grass cultivated as food crop 
in northern floppy areas of the country. 
Commonly it is called ‘Makka’ or ‘Bhutta’ 
in Hindi and ‘Maize’ in English. 

The grains are astringent, nutritive, 
nourishing and are considered to be a suitable 
diet in consumption and in relaxed condi¬ 
tion of bowels. The corn is eaten and the 
foliaceous bracts in which the iiifloiescences 
are concealed are used as a wrapping for 
cigarettes. 

Besides these above grasses other grasses 
having aromatic oil in their cells 
have ' acquired a reputation as cures 
for various ills and also specific in disor¬ 
ders ranging from constipation to dysenteiy 
and cboleia. 
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ISdence Nobel Laureates 

of 1971 


R.K. Datta 

yilsraelMedical Center, New York, U.S A. 


'THE 1971 Nobel Prize for Chemistry 
^ has been awarded to Dr. Gerhard 
Herzberg, 67 years old Director 
of the Division of Pure Physics of 
Canada's National Research Council in 
Ottawa, for “his contributions to the know¬ 
ledge of electronic structure and geometry 
ofniolecules particularly free radicals.” The 
1971 Nobel Prize for Physics has been award- 
(dto Dr Dennis Gabor, 71 years old, who 
Is both professor emeritus at London’s 
Imperial College of Science and Tech- 
lology and a staff scientist at the Columbia 
Jtoadcasting System Laboiatories at 
Stamford, Connecticut, U.S A, for his 
work in the development of the three-dimen¬ 
sional photography, otherwise known as 
holography. The 1971 Nobel Prize for 
Medicine (Physiology) went to Dr Earl 
Wilbur Sutherland, Jr , 55 years old Pro¬ 
fessor of Physiology in Nashville’s Vanderbilt 
University School of Medicine for “his dis¬ 
coveries concerning the mechanisms of the 
action of hormones.” The 1971 Nobel 
Memorial Prize in Economics went to Dr. 
Simon Kiiznets, 70 yeais old, until recently 
Professor of Economics at Harvard 
University, who in the I930’s helped originate 
the Concept of the gross national product, 
the measurement of the output of goods and 
services in a nation’s economy. 


Dr. Herzberg 

Dr. Herzberg is renowned for having deter¬ 
mined the structures of a large number of 
diatomic and polyatomic molecules, includ¬ 
ing structures of many free radicals and for 
having successfully applied spectroscopic 
studies to the identification of certain mole¬ 
cules in planetary atmospheres, comets and 
interstellar space. Spectroscopy involves 
observations by means of an optical 
device of wave length and intensity 
of electromagnetic radiation absorbed 
or emitted by various materials. Each 
element has its own characteristic spectrum 
that can be used as a kind of finger-print. 
When exposed to an appropriate form of 
radiation it produces a spectral pattern uni¬ 
que to the element. Spectroscopy provides 
chemists and physicists precise information 
on molecular energies, rotations, vibrations 
electronic structures. Dr. Herzberg used 
spectroscopy to study the structures of mole¬ 
cules and free radicals. Free radicals and 
fragments of molecules are highly 
reactive and combine easily with other 
molecules. He obtained the spectra of 
methyl and methylene radicals and 
thereby deduced information about their 
structures and showed that these radicals 
were indeed there is their free state. He 
also established that one carbon atom and 
three hydrogen atoms of methyl radicals 
were arranged in one plane. Born in Ham¬ 
burg, Germany on December 25, 1904, 
young Herzberg ftiidied at Darmstadt Ins¬ 
titute of Technology, receiving a Ph.D. 
degree in 1928, and at the University of Bris¬ 
tol, England. He held a faculty position at 
Darmstadt Institute of Technology (1930-35). 
He left Germany, went to the University of 
Saskatchewan in 1935 and remained there 
until 1945. During 1945-48 he taught 
at the University of Chicago. He joined 
Canada’s National Research Council in 1948 
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and IS now its Diiector of Pure Physics 
since 1955. He authored about 200 publica¬ 
tions in spectroscopy and quantum mechanics 
and monumental three-volume work entitled 
“Molecular Spectra and Molecular Structure”. 
Recipient of F. Ives Medal of the Optical 
Society of Amerjca(1964}, afellow of London’s 
Royal Society, Dr. Herzberg was president 
of the Canadian Royal Society (1966-67) 
and vice-president of the International Union 
of Pure and Applied Physics (1957-63). 

Dr. Gabor 

Born in Budapest on June 5, 1900, young 
Gabor had lus higher studies in Budapest 
(1919-20) and in Berlin, earning his Ph. D. 
degree in electrical engineering in 1927. 
After working as a research engineer in a 
German electrical concern (1927-33) he went 
to England where he worked for a British 
Company (1933-48) until he joined the Im- 
peiial College in 1949 to teach applied elec¬ 
tronic physics, becoming its professor in 
1958 He is associated with the Columbia 
Broadcasting System Laboratories at Stam¬ 
ford since 1957 A fellow of London’s Royal 
Society (1956), Dr. Gabor has more than 100 
patents of his own: a number of them relate 
to applications of his work in holography. 
In holography, a beam of coherent light pro¬ 
duced by a laser source is split by a mirror. 
One pait goes directly to an emulsified plate; 
the other pait is directed at the object to be 
photographed and then reflected on to the 
plate. When the light waves reflected from 
the object meet the waves arriving directly 
from the light source the interaction produces 
submicroscopic patterns of dark and light 
areas on the plate. These interference 
patterns encode in the emulsion all the charac- 
teiistics of the waves reflected from the ob¬ 
ject. After the plate has been developed it 
is again illuminated by a beam of coherent 
light. This applied light is altered by the 


interference patterns on the plate so that 
the light reaches the eye with all the charac- 
teiistics of the light reflected from the object. 
Thus athiee-dimensional image is obtained, 
It IS hoped that in future, holography, the 
three-dimensional photography without the 
use of a lens, may be used in testing 
materials, in medical examinations and in the 
more efflcient storage of information iii 
computers. Holography may be used to make 
three-dimensional movies and television 
pictimes that viewers may watch without 
wearing specialized spectacles. 

Dr. Sutherland 

Dr. Sutherland unravelled the secrets 
of how hormones work through an 
intermed'ary substance known as cyclic 
adenosine 3.5-mono-phosphate (AMP) 
Cyclic AMP IS now said to be the 
master molecule involved in the 
control and regulation of metabolic activi¬ 
ties of individual cells. Changes in the level 
of cyclic AMP within cells either increase or 
decrease the rate at which cells carry out their 
appropriate functions—many of the cellular 
functions once thought to be controlled by 
cyclic AMP acting as an intermediary. Born 
at Burlingame, Kansas, on November 19, 
1915, young Sutherland received his medical 
degree foim St. Louis’ Washington Univei- 
sity in 1942. He started his career as an 
assistant phairaacologist at the same Uni¬ 
versity (1942-45) with Dr. Carl Con, the 1947 
Medicine Nobelist and worked on how adre¬ 
naline regulates the degrade,tion of glycogen 
glucose in the liver. Later, he became an 
instructor there (1945-50), an assistant pro¬ 
fessor (1950-52), an. associate professor 
(1952-53). Next he moved to Cleveland’s 
Western Reseive University School of 
Medicine as a professor (1953-63) Since 
1963 he IS the professoi of Physiology in the 
School of Medicine of Vanderbilt University 
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XT ,Fv.lle A member of the U.S. National 
,tN.shv.lle- A ^ Di. Sutherland received 

S” Albeit Lasker Award for Basic 

jyledioal Research 

Di. Ruznets 

K„X,‘:rSa‘id.otWsPXD.de..e. 

T. M o. the Nahona, 

E°oac.m.ca where he began h>t 
Set of business eycles and economic 


growth. 

During 1930-54, Dr. Kuznets taught at 
the University of Pennsylvania, and during 
1954-60 at the Johns Hopkins University. 
In I960 he joined Harvard University and 
retired in the middle of 1971. For the last 
40 years he has been studying the economic 
growth of developed and undeideveloped 
countries, developing methods that are now 
being used by many countries to determine 
the gross national product (G.N.P.) which 
IS the sura of a nation’s goods and services. 
Dr. Kuznets is regarded as the Father of 
G.N.P. 



Ticks and Our Livestock 

B. D. Sharma 
Government College, Poonch 
Jammu and Kashmir 


A MONO joint-footed inveitebrates (Arth¬ 
ropods) the ticks form a group or class 
Arachnida. The adults are eight-legged creat¬ 
ures, one sixteenth to nearly one-quarter of 
an inch when unfed. All ticks have only 
six legs in the larval stage and hence resem¬ 
ble insects. They cannot luu, jump or fly 
but are dependent on blood for their exis¬ 
tence. They are distinguished from spiders 
by having fused body, from the mites by the 
niouthparts, which are grouped to form move- 
able capitulum. Other features which dis¬ 
tinguish ticks from true insects are ; the 
absence of three clear-cut divisions of the 
body, VIZ., head, thorax and abdomen found 
in the case of adult true insects, and the 
absence of the organs known as antennae 
or feelers. 

AU ticks are parasitic on vertebrate animals. 
Both the sexes live onblood and lymph of the 
host. The ticks are divisible into two main 
groups, VIZ., the hard ticks (Ixodid ticks) and 
the Soft ticks (Argasid ticks). The former are 
characterised by the presence of hard shield 
(scutum) on the upper surface of the body. 
In male the entire body is covered by the 
shield while in female only part of the fore 
end is covered by it. The so-called soft ticks 
do not possess a scutum. 

In all, there are four distinct stages in the 
life-cycle of a tick. These are the egg, the 


larva (or the seed tick), the nymph and the 
adult. The eggs are deposited on the skin 
of the host, in pastures and animal sheds or 
other surroundings. The single female lays 
as many as fifteen thousand eggs and dies. 
After a few days, the six-legged larva (seed 
lick) comes out of the egg. They attach to 
the host and feed on its blood and 
lymph. When fully engorged, it moults 
and turns into the nymphal stage with four 
pairs of legs. The nymph resembles the adult, 
except m its smaller size and absence of geni¬ 
tal poie. When the nymph moults after 
engorgement, the tick reaches the adult stage, 

In case of soft ticks, there are more than one 
nymphal stages in the life-cycle. The male 
is smaller in size than the female. It spends 
life wandering about in search of unfertilized 
female. The female soft tick when fully fed 
drops off the body of the host and lays eggs 
on the ground. In hard ticks, the female 
lays all the eggs in one batch and then dies. 
In soft ticks, female lays eggs in several 
batches in its life time. 

There are three type? of ticks in lelation 
to host. 

One Host Tick 

Some ticks attach themselves to the host as 
larvae, and remain there till the adult stage. 
After being fully engorged the females drop 
off the body of the host in order to lay eggs 
on the ground. Such ticks are called one 
host ticks, e.g. Boophilus microplus. 

Two Host Tick 

In this case the larva attaches to the body 
of the host, engorges and moults to the nym¬ 
phal stage, without dropping front the body 
of the host. The nymph, however, after 
engorgement drops off and moults to the adult 
stage on the ground. This fully ground tick 
again attaches itself to another host for feed- 
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Fig. 1 A. Soft r<c/c—Argas persicus {Powl Tick) {Dorsal View). 

B. Hard r/c/c—Dermacentor variabilis {after Snodgrass) {Dorsal View). 


ing. These may be called two host ticks, 
e.g. Hyalomma excavatum. 

Three Host Tick 

In such type of ticks each of the three active 
stages, viz. the larva, the nymph and the 
adult, attaches itself to different hosts to 
feed. And when engorged the larva and 
the nymph drop off the host body to mcve 
to the next respective stage. Such ticks are 
called three host ticks e.g., Haemaphysalis 
bispinosa. 

These three kinds of life-cycles are found 
amongst the hard ticks or Ixodid ticks. In 
the case of soft ticks (Atgasid ticks) the 
larval stage alone remains attached to the body 
of the host for any length of time in order to 
feed itself. Nymphs and adult remain 
hiding away in sheltered places of the host's 
habitat and come out to feed on the host 
only for a short time mostly during the night. 


In India the important species of ticks 
highly harmful to the livestock and poultry 
are: 

Hyalomma excavatum, 

Boophilus microplus (cattle tick) 
Rhipicephalus sanguineus (dog tick) 
Rhipicephalus haemaphysaloides, 
Haemaphysalis bispinosa, 

Argas persicus (fowl tick) 

The ticks are reservoir hosts for a variety 
of pathogens, causing fatal diseases in poul¬ 
try and cattle. A great variety of hosts is 
attacked by ticks. Fish are the only major 
vertebrate group that escape their attention. 
It would not be astonishing if some obscure 
tick with vertebrate host habits were disco¬ 
vered, perhaps only in regard to requirement 
for vertebrate blood. Tick parasitism of 
sea-snakes, amphibia, seals, water birds and 
other inhabitants of aquatic environments 
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IS well known. An important example is 
ubiquitous blown dog-tick (Rliipicephalus 
sanguineus), whose habits of attacking 
and transmitting disease causing micro¬ 
organisms to man in cerl am parts of the 
old woild, Kashmir and lacking in other 
areas of abundance. 

The tick-borne diseases are of several cate¬ 
gories. 



Fig. 2. Life cycle of the two host cattle tick 
Hyalomma excavatum. 

A, engorged adult female laying eggs; 
A^, unfed adult female; E, egg mass; 
HA, host of adults', HL, larval host, 
HN, nymphal hosl',L, engorged larva', 
Lj, unfed larva', N, engorged nymph', 
Ni, unfed nymph, 

I. Tick-borue Viral Diseases 

Disease in squirrels, chipmunks, etc. An¬ 
other virus disease is the “Silver Water 
virus”. 

II. Bacterial Diseases 

The tick-borne bacterial diseases include 


Tularemia Brucellosi, Anaplasniosis, 
Leptospirosis, Spirochaetosis. The diseases 
caused great trouble to our cattle and poultry 
all over the world. 

m. Protozoan Diseases 

The most important disease caused by ticks 
due to protozoans is Theilerosis. Tick-borne 
protozoan parasites are, Theileiia, Gondaria 
and Cytauxzoon. All of these cause impor¬ 
tant diseases of animals excluding man chief¬ 
ly in the eastern hemisphere of which East 
Coast Fever (ECF) of cattle is probably the 
best known. A new disease of cattle in 
Zululand is termed “Corridor Disease” rela¬ 
ted but not identical to ECF. 

Other multicellular parasites which are 
tick-borne include the filarial worm Dipeta- 
lonema wirei etc. (transmitted by soft ticks). 

Tick paralysis 

A good deal of literature is available on 
the tick paralysis and tick toxicosis. There 
are many records of serious effects from the 
tick bites. Massive infestation of animals can 
result in general weakness and even death due 
to loss of blood. A toxic substance in tick 
eggs ‘(ixo=voto=xim)’ has long been known 
by riek in Australia. 

Tick Paralysis is caused by a neuro¬ 
toxin affecting man and animals in several 
parts of the world. This subject of tick para¬ 
lysis has received much attention all over 
the world. 

The studies on ticks are of prime importance 
with regard to the health of livestock 
and poultry of the country. 
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Environmental 
Protection versus 
Pest Control* 


Clyde R. Madsen 

Vertebrate Pest Control Adviser 
USAID Mission, New Delhi 


pUBLIC concern and interest in environ¬ 
mental problems has recently become 
very popular. This is a good healthy condi¬ 
tion because our environment encompasses 
all of the elements which sustain our lives 
In addition, the “outdoor” environment also 
furnishes us with most of our recreation, 
solitude, peace of mind, and settings for con¬ 
templation. Therefore, it is very important 
that we have some experienced people who 
watch the plants and animals for signs of 
reaction to any change m our environment. 
Sometimes it is possible to asceitain dangerous 
and critical conditions at an early stage 
because the plants and wild animals often 
react quickly to some of these changes. 
Surely, all rational people have a strong 
concern and respect for environmental rela¬ 
tionships. 

But regretably, a great many of the voci¬ 
ferous and newly concerned do not have 
a very comprehensive knowledge or appre¬ 
ciation of the complexities of most of our 
environmental relationships. This results 
in voluminous speeches' and stacks of 
written articles which expound on some 
specific problem, and then follow up with 
listings of erronepus cquses, iqisinterpretp- 


tions, oversimplified corrections, and 
frequently crackpot remedies. 

It IS also a sad commentary when so many 
of these emotional outbursts come from in¬ 
dividuals who are classed as “academic 
experts”. Too often these experts are guilty 
of being in the forest so deep that they can no 
longer see the trees, or of having specialized 
so long and so intensively they can no longer 
see over the side of their own private “rut”. 
But they do often stir up a hornet’s nest 
of public opinion because the general public 
has every right to assume they know what 
they are talking about. 

One of the most misiinder.stood and im¬ 
properly supported of the “slogan remedies” 
IS the concept of “balance of nature” or as 
has been recently popularized, “biological 
control.” Very surely there are some spe¬ 
cific locations and conditions where man 
has manipulated biological principles to effect 
some specific results. But remember, man 
is doing this—not nature, By and large, 
there has never been such a thing as a balance 
of nature, otherwise we would hkely still be 
living a world dominated by reptiles. 

By knowing the physiology and life-cycle 
of some damaging species, man has been 
able to regulate critical biological relation¬ 
ships to drastically reduce population levels 
of the damaging species. It is hoped that 
efforts will be continued toward finding 
similar checks for other species, but the con¬ 
trolling conditions are very specific and they 
cannot be expected to work on just any 
insect or animal. 

When biological manipulation is consi- 
deied as a “major” substitute for pest 
control, then some additional factors 
should be consideied. For example, 
would a tremendously increased number of a 
predatory species be more desirable than 
the use of a short-lived specific chemical? 
pv^q the use of heat and lifht fpr sqm? 
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The capacity of “non-farm" lands to support rodents and insects is often changed by the 
concentration of domestic livestock. 


Even when time is not that critical, where 
do you draw the line on the use of chemicals 
to produce the food for hungry people mining 
and smelting which pollutes the air but gives 
us the metals for electric appliances and for 
industry—automobiles and hard surfaced 
roads which help to foul the air and distri¬ 
bute virus but give us a capability for quick 
reaction to disaster and distribution of food 
reservoirs and wells which provide irrigation 
for miles and miles of crops, but also attract 
and foster the insects that become pests the 
first place? For that matter, the contiol 
of most disease organisms is also a form of 
pest control. 

The basic concerns of pest control should 
not be tied to whether or not chemicals are 
to be used, but rather to the types of controls 
required and the best regulated methods lo 
pioduce the desired results. There should 
always be careful consideration of the need 
for the control as well as careful considera¬ 
tion of the possible and probable side effects 
on the rest of the ecology. 

As long as mankind works at creating a 
better standard of living for himself by 
planting crops, storing foods, irrigating 
lands. rai'.iriB livestocks, building houses. 


and even in controlling diseases—ithen some 
degree of pest control is going to he 
required. Therefore, I would suggest that the 
discussions “for and against" pest control 
should include the following points (as well as 
others which relate to specific conditions): 

1. What are the conditions which have 
caused and maintain the need for the 
control? 

2. What are the known methods for 
correcting the problem? 

3. What are the known hazaids and side 
effects of the candidate control me¬ 
thods ? 

4. What are the long and short term 
values to be expected, both good and 
bad? 

With these simple determinations it can 
often be possible to evaluate the balance 
between “cost and benefit". These steps 
presume that research towards better control 
methods and more understanding will con¬ 
tinue, and that intelligent regulations and 
restrictions against careless and hazardous 
control applications will continue. 

Who knows, with proper managemen' 
and research even poor maligned D.D 
ma^ again becon^e the sqviour of mank J 
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Even grassy parks and maidans change the population dynamics of 
llwi eby causing some pest control pi obletns. 


insects and animals. 


Or should we have solved some of out present 
day population problems by letting addi¬ 


tional millions of people perish from malaria 
and typhus a few years back? 


Jteprodr|ced from Participqift Journal. Oglober, 1971 , 
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Molecular Theory of 
Magnetism : A Classroom 
Demonstration 

M. V. Ananthakrtshnan 
National Institute of Foundry and Forge 
Technology, Hatia, Ranchi 


Introduction 


WEBER was tlie first to propound the 
molecular theory of magnetism. Accord¬ 
ing to him, all magnetic materials are made 
of molecular magnets. In the unmagnetised 
condition, these molecular magnets are dis¬ 
tributed with random orientations (Fig. 1) 
and the resultant effect is the absence of 
magnetic behaviour. 


the field (Fig, 2). Thus, this leads to free 
polarities at the two 'ends of the substance. 





On reversing the direction of the Magne¬ 
tic field (say by reversing the direction of D.C. 
current), the moleculai magnets will now 
orient themselves in a direction opposite 
to that shown in Fig. 2 and the polarities 
will be reversed (Fig. 3). 



When such a material is placed in a magne- The present paper describes a very simple 
tic field (produced either by a permanent two-dimensional teaching aid which can be 
magnet or a coil carrying current), the used for explaimng the basic principles of the 
molecular magnets swing in the direction of molecular theory of magnetism- 
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The Teaching Aid 

The teaching aid is to be used in conjunc¬ 
tion with an overhead projector. The aid 
is as shown in Fig. 4 and the photograph 

fPlff. 4Q^ 
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frame 25 cm square and 3 cm width. On to 
this frame is fixed a sheet of transparent 
awtale paper so that it covers the whole 
frame. Cardboard (or plywood) triangles 
(isosceles, base 1 cm and height 3 cm) are 


fixed by means of drawing pins on the acetate 
paper, so that they are able to rotate about 
the pins in a horizontal plane. 

The pins are fixed with their pointed ends 
projecting above the acetate sheet when the 
latter is placed on the overhead projector. 
This is done in order that the pins do not 
scratch the top glass plate of the overhead 
projector. The pins may be kept in position 
by pasting small pieces of cellotape on the 
pin-heads. The fixing can, however, be made 
permanent by using rivets to fix the triangles 
on to the acetate sheet. 

The triangles represent molecular magnets 
with their apexes as the north pole, while 
the frame with the acetate paper represent 
the magnetic substance. 

Demonstration 

The aid (as a whole) represents a magni¬ 
fied view of the substance with its molecular 
magnets. 


The demonstration is best carried out in the following steps: 


Si No, Operation 


Observation 


Inference 


1. Orient the triangles at random Random orientation of the Unmagnetised body (Fig. 5A) 

so that no two Liiangles point in molecular magnets 

one particular direction. 


2. Oiient all the triangles such Uni-directional orientation of Magnetised body (Fig 5B) 
that ail the vertices are uni- the molecular magnets.) 
directional. 


Reverse the orientation of the 
vertices of the triangles in a dir¬ 
ection opposite to that in Serial 
No. 2. 


Uni-directional orientation of 
the molecular magnets (in opp. 
direction). 


Body magnetised iri the reverse 
diiection (Fig. 5C) 
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Fuither Applications 

This teaching device can be used for ex¬ 
plaining yet another interesting physical 
phenomenon, viz. the process of induction 
heating by alternating currents. 

An alternating current (A.C.) is one in 
which the voltage vanes (as a function of 
time) between negative and positive values. 
Now, if a magnetic substance be subjected 
to an A.C., the polarities will reverse as 
many times as the frequency of the A.C. 
supply. The friction, thereby generated, 
gives rise to heat and hence the warming up 
of the materials. 

The above concept can be very beautifully 
driven home through this aid. By considering 
one of the triangles (i.e , molecular magnet), 
the same will be made to change its direction 
assuming the field direction to be reversed. 
Thus, assuming that the field is being gene¬ 
rated by an A.C., the arrow will reverse 
direction as many times as the supply fre¬ 
quency. This will show as to why friction 
should arise and as to why heat should be 
generated. 
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Measuring Rates of Respiration 

pRECISE measurements of the rate of respi¬ 
ration require elaborate equipment. We 
9 an, hpwever, obtain reasonably accurate 


measurements using simpler methods. This is 
often done by placing the living material 
in a closed system and measuring the amount 
of oxygen that comes out. By using suitable 
techniques, we can inea‘'uTe the amounts of 
one or both of these gases over a given period 
of time and determine the respiration rate, 
A simple volumeter can be set up as illust¬ 
rated in Fig. 1. 



The Volumeter should be arranged as 
follows. The material for which respiration 
measurements are desired is placed in one 
or more test tubes of uniform size. Each 
tube contains a stopper and pipette as 
shown m the illustration. One of the test 
tubes contains an inert mateiial such as 
glass beads or washed gravel and is used 
to correct changes in temperature and 
pressure which cannot be completely 
controlled in the system. This tube is called 
a thermobarometer. Equal volumes of 
both test and inert materials must be 
placed in all the tubes This precaution 
is necessary to assure that an equal volume 
of air is present in each tube. Avery small 
drop of coloured liquid is inserted into each 
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pipette at its outer end. This closes the tube 
so that if there is any change in the volume 
of gas left in the tube, the drops of coloured 
liquid will move. (The direction of move- 
uent depends on whether the volume of 
gas in the system increases oi decreases). 
The distance of movement over a given 
period of time can be read from a ruler 
placed on the side of the pipette. The 
volume of gas added or removed from the 
system can be read directly from the cah- 
brated pipette. 

In attempting to measure respiration with 
the equipment just described, we must 
take into consideration not only that 
oxygen which goes into the living material 
(and thus out of our volumeter lest tube), 
but also that carbon dioxide that comes out 
of the living material (and thus enters into 
the volumeter test tube). If we are to measu¬ 
re Che oxygen uptake in our respiring 
material, we must fiist strap the carbon 
dioxide as it evolves. This can be done 
by adding any substance (ascarite is 
commonly used) which will absorb the carbon 
dioxide as fast as it is evolved. Efficient 
removal prevents the carbon dioxide from 
being added to the volume of gas in the 
Cube. 

Each team should set up one volumeter 
and compare the respiration of dry seeds 
with those which have been soaked for 24 
hours. The work involved in setting up the 
volumeter and in obtaining measurements 
is difficult to complete in one laboratory 
period. It IS very important that certain 
preparations be made in advance and that 
each member of the team understands 
clearly what is to be done. 

Materials (Per Team) 

1. One volumeter (complete) 

2. One thermometer 


3. One hundred Alaska pea seeds 

4. Germination tray 

5. 100-ml graduated cylinder 

6. Glas', beads 

7. Three beakers, 150 ml 

8. Solution dye 

9. Cotton 

10. Ascante 

11. Eyedropper 

Procedure Day I 

Each team should place 40 pea seeds in 
a germination tray between layers of wet 
paper towels and allow them to soak for 24 
hours. (Label ihe trays as to team, class, 
experiment and date). 

Procedure Day II 

1. Determine the volume of the 40 
Soaked seeds. This volume will be 
used as a standard for preparing 
materials foi the other two test 
tubes in the volumeter. (Volumes 
of solid subjects, including seeds, 
can be determined readily 'by adding 
them to a measured volume of water 
in a graduated cylinder and reading 
the volume of displaced water). 

2. Determine how many glass beads 
must be put in the tube with the dry 
seeds so that the volume of air in 
the tubes with soaked and with dry 
seeds will be the same. To do this, 
place 25 ml of water in a 100 ml 
graduated cylinder. Add the dry seeds. 
Then add enough beads so that the 
increase of the water level m the 
cylinder containing both seeds and 
beads is equal to the volume of the 
seeds soaked for 24 hours. Dry 
the 40 seeds and the glass beads 
by blotting them with paper toweling 
or cleansing tissue. Place the dried 
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seeds and beads together m a 
beaker. Label the beaker and store 
it m the laboratory until you are 
ready to use the volumeter the 
following day. 

3. Obtain the same volume of glass 
beads as that determined for the 
soaked pea seeds. Place these in a 
beaker, label the beaker, and store 
it in the laboratory until you are 
ready to set up the volumeter on the 
third day. 

4. Mix about 25 ml of a dilute solu¬ 
tion of vegetable dye (food colouring) 
m water and add a drop of detergent. 

5. Set up the volumeter as illustrated 
in Fig. 1. Add water to the jar 
in which the test tubes are immersed, 
but do not add anything to the test 
tubes. 

Procedure Day III 

1. Remove the stopper from each of 
the three test tubes. Add the 40 
soaked pea seeds to one tube ; add 
the diy pea seeds and glass beads 
which you measured out in Step 2 
to the second tube ; and add the 
glass bea,ds measured out in Step 3 
to the third tube. Loosely pack 
cotton over the material in each tube 
to a depth of inch. Add i tea¬ 
spoon of ascarite or sodium hydro¬ 
xide to the top of the cotton in 
each tube. 

CAUTION; Ascarite is caustic. 
Be very careful not to get it on 
your hands, your body, or on your 
clothes. If some is spilled, clean it 
up with a dry paper towel or paper 
cleansing tissue. Do not use damp 
cloth or paper as ascarite reacts 
strongly with water. The tube should 


now be packed as illustrated ui the 
illustration below 



Fig. 2. Volumeter tubes after preparation. 

2. Replace the stoppers and arrange the 
pipettes so that they are level 
on the table. 

3. With a dropper, add a small drop 
of coloured water to each of the three 
pipettes. (See Step 4 of Procedure, 
Day II.) 

The diagram shows set up of stopper 
and pipettes att ached to each tube 
Ill volumeter. After coloured water 
indicator has been introduced at 
outer end of pipette, it can be 
adjusted by opening pinch clamp and 
drawing air from system or pushing 
it into system with eye dropper 
inserted into rubber tube at top of 
apparatus. 

Adjust the marker drops so that the 
drop in the pipette and the other 
drops are placed near the outer ends 
of the pipettes. 

4. Allow the apparatus to sit for about 
5 minutes before making measure¬ 
ments. 
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i. For 20 minutes, at 2-mmute 
intervals, record the distance the 
drop moves from its starting 
point, (If respiration is rapid it may 
be necessary to readjust the drop 
with the medicine dropper as descri¬ 


bed in Step 3. If readjustment is 
necessary, add the new readings to 
the old readings so that the total 
change during the time of the experi¬ 
ment wiU be recorded). Record your 
results as illustrated below. 


GAS VOLUME CHANGES IN A CLOSED SYSTEM 
CONTAINING GERMINATING PEAS AND DRY PEAS 

Thermo-barometer leadings (ml) Readings for gemmating paas {ml) Readings for dry peas {ml) 

' jyofe; If the drop in the thermo-barometer pipette moves toward the test tube, subtract the distance it 
moves from the distance the drop moves m each of the other pipettes. If the drop in the thermometer 
pipette moves away from the test tube, add the distance it moves to the distance the drop moves 
in each of the other pipettes. ■ 


By courtesy Science Teaching Centro, University of Maryland, U.S.A. 




Curiosity Leads Physician to 
1971 Nobel Prize* 

Walter Froehlich 


^URIOSITY—an impelling desire to know 
and understand—about the workings of 
certain aspects of the human body drove 
an American physician into research work 
that won liim the 1971 Nobel Prize in 
Physiology and Medicine. 

There was no specific intent to discover 
ways to cure or prevent any parti¬ 
cular disease, or find a new method for 
improving health, on the part of Dr. 
Earl W. Sutherland (Junior) when he began 
his explorations 25 years ago into body 
chemicals called hormones. 

Dr. Sutherland was successful. He 
achieved what he set out to do, and that 
was acknowledged by the KaroUnska Medical 
Institute in Stockholm, Sweden, which 
administers the annual Nobel awards. 

“The mechanism by which various hormo¬ 
nes exert their important functions has until 
lecently been a complete enigma”, said 
the institute in its announcement of the 
selection of Dr. Sutherland for the prize. 


*Ropiocluced flora Participant Journal, October, 
1971. 


“Because of the woik of Dr. Sutherland, 
we can today understand the general 
mode of action of many of them.” 

The implications of that understanding 
cannot yet be foreseen, except that in the 
history of science and medicine such new 
understandings of nature have almost 
invariably led to benefits. 

Dr. Sutheilaud liimself predicted that 
in what will probably turn out to be an 
understatement : “It seems not unrealistic 
to hope that somewhere along the hne, 
as a happy by-product of this research, 
a new or improved method of therapy will 
become available.” 

Hormones are chemical substances 
formed in various organs or glands of 
the body. They are secreted into the 
bloodstream or into other body fluids which 
carry them to other body parts which 
they stimulate to increased activity or 
generate some other effect. Thus, in 
essence, hormones are messengers through 
which body parts coordinate their actions. 

Dr. Sutherland began his hormone investi¬ 
gations partly as a hobby in the late 1940’s 
while holding a job as a research Worker 
at Washington University in St. Louis, 
Missouri He noted what other researchers 
had overlooked that another substance 
cyclic AMP, rather than hormones, often 
acted as messengers that motivated cells 
to alter the rate at which they earned 
out their tasks. 

He found that hormones produced cyclic 
AMP as needed, though in other cases 
the sequence was almost reversed in that 
cyclic AMP triggered hormones into action. 
The letters AMP stand for adenosine 
monophosphate Because the atoms in 
its molecules are arranged in a ring, the 
term cyclic is used. 

When Dr. Sutherland revealed his findings 
in 1956, his colleagues in the medical 
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community wcie sceptical and he was 
criticized. In the following ten years, 
lie conducted a series of experiments which 
have since been described as ‘brilliantly 
designed and carefully controlled’ to 
decisively prove the profound influences 
of cyclic AMP on the body. He showed 
that cyclic AMP is contained in exceeding¬ 
ly small quantities in every living cell, 
influencing that cell throughout its life. 

“There are just traces of it in you,” said 
Dr. Sutherland while explaining his 
discovery, “but it is what controls your 
cells—‘everything from your memory to 
your toes ” 

Quickly, the discovery of cyclic AMP 
became recognized as a major advance 
in the study of life Interest mushroomed 
to such an extent that today an estimated 
2,000 scientists are conducting research 
on cyclic AMP. The promise it holds 
for leading to new medicines and other 
disease controls is so great that almost 
every major phaimaceutical laboratory in 
the world is believed to have a team assigned 
to cyclic AMP research. 

Some drugs now in use are believed to 
alter the levels of cyclic AMP, and new 
drugs may eventually be designed to 
add or suppress cyclic AMP in the treat¬ 
ment of diabetes, cholera, or even cancer, 
and a host of other diseases. 

|Dr. Sutherland, who will be 57 years 
old on November 19, 1972, is a professor 
of Physiology at Vanderbilt University in 
Nashville, Tennessee. He has won numer¬ 
ous other awards for his research. 

Though Dr. Sutherland’s work was 
Concentrated on only a small segment of 
biology, the avenues and approaches of his 
discoveries that have opened are so all- 
encompassing that their ultimate effect is 
bound to reach into almost every phase of 
study of health and disease. 


Anything but Chicken Feed ; How 
Christiaan Eijkman—Nobel Prize 
Winner in 1929—Discovered 
Vitamin* 


^ disease which broke out in July, 1887 
among hens kept by a medical labora¬ 
tory on the outskirts of the Indonesian 
capital of Jakatra, led to one of the most 
beneficial discoveries of modern times, 
viz. the discovery of vitamins. With their 
pioneering work in the field of these remark¬ 
able “life-substances”, the Dutch scientist, 
Christiaan Eijkman, made an immortal 
contribution to the welfare of mankind. In 
1929 their efforts were crowned with the 
joint award of the highest distinction which 
could be bestowed upon them—the Noble 
Prize for Medicine. 

Long before this, however, Christiaan 
Eijkman had laid the foundations for 
modern dietetics. He conquered one of the 
most malignant of tropical diseases and 
saved thousands of human lives by laying 
open the ‘secret of the grain of rice.’ 

We alt need a little luck if we are 
to prosper; the scientist is no exception 
to this rule. Many of the great discover¬ 
ies in the world would perhaps never—or at 
best only much later—have been made 
were it not for the helping hand of Fortune. 
This was certainly the case in the discovery 
of vitamin, a discovery which may be 
counted among the most important in 
the history of medical science. If those 
hens had not fallen sick in Jakarta ou July 
10th, 1887, Eijkman might never have 
reached his startling discovery that the 
notorious tropical disease known as Beri 

•Reproduced from The Netherlands, June 1971. 
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Ben was caused by the absence of a certain 
vitamin in the diet. This discovery formed 
the basis upon which the whole modern 
vitamin and dietetic sciences are built. 

Nowadays every housewife knows 
that vitamins are among the most impor¬ 
tant components of our diet. Without them 
babies would not grow into stiong and 
healthy youngsters. And if an adult person 
were to subsist for any length of time bn 
a vitaminless diet, serious illness and 
eventually, death would be his lot. At 
the beginning of the present century the 
knowledge of vitamin was sparse; the 
word became popular only in 1912 at the 
initiative of a scientist named Casimir Funk, 
whose aim was to show how important 
vitamins were to life (Lat. vita). 

In the years preceding the First World 
War, only four vitamins were known 
(A, B, C, and D); today there are scores 
and these are partly divided into groups 
such as the B-group which consists of nine 
vitamins and which is found in yeast. 
This does not mean that the subject is 
complete; on the contrary, it is only a few 
years since vitamin B12 was discovered 
and only since the end of the Second 
World War has the manufacture of vitamin 
preparations got into its stride. Today you 
Can make your choice from a vast range 
of these preparations m tablet, pill, liquid 
or ointment form. In addition to these, 
many foodstuffs which have to be stored 
for considerable periods are artificially 
provided with extra vitamin. What exactly 
are these mysterious ‘vitamins’? Gene¬ 
rally speaking, we can describe them as 
chemical substances, some, of which are 
produced in vegetables and some in the 
bodies of human beings and animals. Many 
vitamins are found naturally in articles of 
food such as butter, milk, egg, various 


fruits, vegetables, cereals, meat and fish. 

Others—such as vitamin D—'are formed 
in our bodies from components of our diet. 

Although vitamins are of paramount 
importance to health, the amount needed 
is very small. A few thousandths of a 
giamrae daily is adequate. Medical men 
say that a healthy adult, under normal 
circumstances, absorbs suflScient vitamins 
provided that his daily meals contain variety. 
Here, of course, the task of the house¬ 
wife assumes a very important role. 

And having said that, we are at the heart 
of the matter but the food situation in many 
areas of the world is stiU far from ideal. 
Millions of human being go hungry. 
Frequently the composition of a diet is 
one-sided, with the result that many in¬ 
habitants of this planet absorb too few 
vitamins and fall vicuim to “deficiency disea¬ 
ses.’’ In past centuries, these diseases 
played havoc with the crews of ships, 
many of whom were forced to live on pick- 
led meat and ships biscuits for months 
and who seldom saw milk and its deriva¬ 
tives. Fruits or fresh vegetables, with 
the result that they absorbed little or no 
vitamin C. This deficiency soon led 
to outbreaks of scurvy, which manifested 
itself in flagging energy, anaemia and pain¬ 
ful blisters in the mouth. 

In the second half of the 19th century, 
similar symptoms were observed among 
the inhabitants of islands in the Indonesian 
archipelago and elsewhere in South East 
Asia. In those regions, thousands died every 
year from the notorious BeriBeri which 
owes its origin to the Sinhalese term for 
“I cannot manage it”—very apt descrip¬ 
tion of the situation in which victims of this 
catastrophic disease found symptoms of dege¬ 
neration intlie muscular power and paralysis. 
Moreover in such cases, large quantities 



SCIBNdE abroad 


223 


of flaid accuuiLilate in the tissues and, 
since the heart and respiratory system 
are also affecLed, the patient dies in a 
state of acute congestion. Should the weaken¬ 
ed Ben Ben patient also fall victim to 
'other tropical diseases such as malaria 
or dysentery, his suffering becomes so 
■intense that death is a happy release. 

The Dutch authorities in Indonesia 
in, those days were deeply worried by the 
Ben Ben scourge and in 1886 a committee 
of experts was sent out with instructions 
to uncover the mystery of the disease. 
Among its members was a 28 year old 
Dutch specialist in tropical sicknesses 
named Christiaan Eijkman, an extremely 
retiring young man but possessed with a 
razorsharp and critical mind and more than 
average will power, determination and 
idealism, 

Eailier sojourns in tropical regions had 
served to acquaint Eijkman with the disease 
and he remembered bitterly the sufferings 
of those affected by it. Eijkman decided 
to devote his entire energies to find the 
cause of Ben Ben. He had observed 
that the disease usually struck in areas where 
people lived close together m large num¬ 
bers; for example on plantations, colle¬ 
ctive farming settlements, barracks, prisons 
and even hospitals. 

Clearly Eijkman and his colleagues assum- 
'.ed that the disease was a contagious one caus- 
■ed by bacteria. During a lengthy period of 
sick leave in Europe, recovering from 
'malaria contracted during his service as 
an army M.O. at Tjilatjap, and which 
had severely weakened him, Eijkman 
worked for some time in Berlin under the 
‘great Nobel Prize winner Robert Koch, 
who in 1882 had discovered the tuberculo¬ 
sis bacillus. In those days the world was 


full of the work of Koch and Pasteur and 
thus it was understandable that the scientists 
approached the Ben Ben problem from 
the bacteriological angle. 

It speaks for the ingenuity and indepen¬ 
dent thinking of Eijkman that he detached 
himself from his theory and went on to 
show that Beri Beri was in no way an 
infectious disease but stemmed from an 
inadequate diet. Nowadays we know that 
it IS a typical “deficiency sickness” 
caused by lack of vitamin Bl, but in 
Eijkman’s days this was so revolutionary 
a supposition that it initially met with dis¬ 
belief. How did Christiaan Eijkman arrive 
at his pioneering idea ? Here luck or 
if you prefer fortune came to his aid in 
the shape of the stubborn Administrator 
of the military hospital in Jakarta. The 
man probably never realised that his adher¬ 
ence to regulations could lead to such a 
beneficial conclusion. 

As a member of the civilian Beri Beri 
investigating committee, Eijkman’s work 
came under the control of the civil admini¬ 
stration. His one-man laboratory consis¬ 
ting of two modest rooms was, however, 
in the military hospital building. 

Among the scientist’s stock-in-trade were 
several heads of poultry used for experimen¬ 
tal purposes, and between June 10th and 
November 20th of the year 1887, Eijkman 
gratefully accepted an offer of scraps from 
the mess table as food for his chickens; 
these scraps amounted to the remains of 
boiled rice. A month after commencing 
with this diet, the hens developed strange 
sickness, which Eijkman termed poly¬ 
neuritis gallinarum As the days passed, 
the birds became thinner staggered with 
outspread legs across the run, became 
weaker and weaker until they fell over and 
could not get up again and finally they 
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died. The disease intiigued Eijkman; 
there was a clear connection between the 
symptoms which the hens had displayed 
and the symptoms of human Ben Beri 
victims. In November 1887, suddenly, 
came salvation. The regulation-minded 
Administrator discovered somewhere 
in his book that “civilian” poultry were 
not entitled to military rations, nor even 
waste rice from the kitchens; he withdrew 
permission whereupon Eijkman was forced 
to buy “gaba”—cheap unhusked rice—from 
the market for his feathered assistants. 
Hardly had the buds commenced to eat 
this a lemarkable change took place in 
their condition, and before long the 
surviving birds were restored to full health. 
The disease, then, might have been caused 
by eating boiled rice; or perhaps, 
polluted water have been used for boiling. 
Or the rice perhaps was contaminated by 
a poisonous substance? 

Eijkman soon discovered that the answer 
did not he in any of these possibilities. 
Then he stumbled across the truth, the 
cause of the sickness among his chickens 
and of Ben Ben. The removal of the husk 
deprived the rice of an ingredient which 
was necessary to health. Suddenly it 
all became clear to him. Soldiers, 
prisoners, plantation workers and hospital 
patients were all fed on nee supplied from 
government sources which was put through 
machines to remove the husk. 

During that operation the so-called 
“silver pellicle”—the thin membrane which 
enclosed the white rice kernel—was lost. 
Could the solution to the whole mystery 
lie in that insignificant object? Further 
research showed Eijkman that there, 
indeed, lay the clue to the whole thing; 
the “silver pellicle” contained chemical 
substances of immense significance to 


health. Extract of rice bran proved 
capable of curing not only the sickness 
among the poultry but also Ben Beri 
victims. 

With this, Christiaan Eijkman had not 
only made a discovery of unforeseeable 
proportions but also laid the foundations 
for the science which we know as dietetics. 
In the early stages he encountered the 
greatest difficulty in convincing medical 
and official circles that the matter was 
as simple as all that, and that the answer 
lay in discontinuing the use of machines 
for de-husking, cleaning and polishing the 
nee in favour of simple de-husking such 
as was carried out by the farmers. 

Only in 1928 did Eijkman’s compat¬ 
riots Jansen andDonath succeed in obtain¬ 
ing from 300 grammes of rice bran one- 
tenth of a gramme of crystalline powder 
whose chemical composition could be 
established. This was the first pure 
vitamip B ever to be produced. 

The revolutionary new science of dietetics, 
which was laid down by Eijkman and 
his assistant Grijns, had meanwhile been 
generally accepted after a trial period 
of disbelief. And although Sir Frederick 
Gowland Hopkins’ discovery of “growth 
vitamins” was certainly as important 
as that of Christiaan Eijkman,the latter— 
with his discovery of “anti neuritie” 
vitamins and his pioneering work on the 
relationship between diet and health—* 
must be regarded as the man who opened 
the eyes of humanity to completely new 
medical insight. His work saved the 
lives of hundreds of thousands, and in 1917 
the Beri Beri hospital near Jakarta was 
closed for lack of patients. 

Christiaan Eijkman, who with his 
diligent efforts in the field of science 
brought the Netherlands its sixth Nobel 
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Prize within a period of thirty years, was 
one of the, fortunately, many Europeans 
whose journeys to tropical countries were 
directed not at accumulating riches but 
in the service of mankind and for the 
alleviation of suffering. A year after he, 
in company with Sir Frederick Gowland 
Hopkins, received the Nobel Prize, Christiaan 
Eijkman died. With his passing away, 
the world lost a great doctor and a noble 
friend of humanity. His work will live 
on in the future as a monument to a great 
pioneer of the past. 


Hormones and Ovulation* 


Clive Wood 

In recent years, the popular press all over the world 
has carried stories about multiple births, three or 
four, even five or more children being born to a 
woman all at the same time. Twin births, of course, 
are not uncommon. Perhaps 1 per cent of all 
women who conceive can expect to produce a pair of 
twins. But triplets are rarer and larger numbers of 
children produced in any one pregnancy are very 
rare Indeed. 

WHY then should they be reported so 
frequently at the moment ? The answer 
is that in nearly all the cases that reach 
the headlines the woman was originally 
incapable of having any children at all. 
But by the use of a group of drugs 
called gonadotrophins doctors have been 
able to allow her to conceive, although 
often she may have conceived more 
children than she expected. Such treate- 
ments have been earned out in Sweden, 


in Germany and also in England (both 
ill London and in Birmingham), and in 
some clinics if is becoming an ahuost 
‘routine’ procedure. 

There has been much confusion in the 
minds of many people about what gona¬ 
dotrophins really are. They have been 
hailed as ‘wonder drugs’ (as is practically 
every compound used in medicine, at 
some time or another), and even worse 
as ‘new wonder drugs’, although they are 
far from new. Indeed the idea that such 
compounds exist dates back to 1926. 
And in a sense they are not really drugs 
at all. They are the substances which 
body itself produces and which can be 
extracted from it for use on other patients, 
whereas the majority of so-called drugs 
are man-made chemicals which bear 
little relationship to the substances which 
the body makes for itself. 

To understand the gonadotrophins 
properly we must consider what happens 
during the course of the menstrual cycle 
in a normal, sexually mature, fertile woman. 
The egg-cell that such a woman produces 
once every month, is, of course, produced 
in a special organ known as the ovary. 
The paired ovaries are each about the 
size of a large walnut and they he inside 
the woman’s abdominal cavity, close to 
the uterus (or womb), to which they 
are connected by the Fallopian tubes. 

The surface of the ovary is generally 
faiily smooth, but at about the middle 
of the cycle (that is to say about midway 
between two periods of menstrual bleeding), 
a number of fluid-filled cysts appear, 
projecting from its otherwise smooth 
surface. These are the follicles which 
contain egg-ceUs and one of them is des¬ 
tined to grow much larger than the others. 
At a particular point ipthe cycle its wall 


’Reprinted from 82,197f, 
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ruptures and the mature egg is released 
into the Fallopian tube where, if intercourse 
has recently taken place, it stands a good 
chance of becoming fertilized. The 
fertilized egg then moves down into the 
uterus, embeds itself in the uterine lining 
and starts to grow and develop into an 
embryo. 

The growth and rapture of the 
follicle (the latter process being known 
as ovulation), although it may seem like 
a random process, is in fact very care¬ 
fully controlled. And it is controlled by 
the gonadotrophins. These are hormones 
or ‘chemical messengers’ that circulate 
in the blood stream and exert a very 
profound effect on certain sensitive tissues 
with which they come into contact. They 
are produced hy a gland at the base of 
the biain, which is known as the pituitary, 
and they are two in number. The 
two have different actions but both 
must be present if ovulation is going to 
succeed. 

The first is known as follicle stimulating 
hPrmone or FSH. As its name implies, 
it stimulates the growth of the follicle 
containing the egg and it plays a part 
in causing the maturation ot the egg-cell 
itself. However, FSH cannot, on its own, 
cause the follicle to rupture, That is to 
say, it Cannot induce ovulation. For 
this to occur the second gonadotrophin 
is necessary. This is also produced by the 
pituitary and it is called Inteinising hormone 
or LH Under the influence of this hormone 
the egg-cell goes through the final stages 
of its maturation and the wall of the 
follicle then bursts to release it. 

This then is the situation in the normal 
fertile woman, hut not all women are 
fertile. The causes of female infertility 
are many and varied. For example, a 


woman may be unable to conceive because 
her Fallopian tubes are blocked or because 
she is ‘allergic’ to her husband’s semen.' 
But some cases of infertility in women 
are due to the fact that for some reason or 
the other she is unable to ovulate—precisely 
the situation that is induced deliberately 
by the use of the contraceptive pfll. And 
among these women is a small group whose 
lack of ovulation is due to pituitary failure. 
In other words, their ovaries do not come 
under the influence of gonadotrophins. 
ID Would seem reasonable, knowing what 
we do about ovulation, to replace the 
missing gonadotrophins artificially and 
hence to restore to them the possibility 
of conceiving. This is precisely what 
gynaecologists for the last 15 years or so 
have been attempting to do, often with 
a measure of success, but they have not 
yet succeeded in solving all the problems 
that the method entails. 

First, there is the question of timing. 
Although a great deal of research has 
gone on in an attempt to determine 
exactly when, in a normal cycle, the LH 
makes its appearance, there is still a 
certain amount of confusion on this point. 
And since we do have this uncertainty 
in the normal situation it makes the 
problem of knowing when to give the 
LH ‘artificial’ treatment doubly difificifit. 
We know that it should be given sometime 
after the start of the FSH administration 
but different specialists have their own 
views on exactly how long after it should 
be given. 

Secondly, there is fhe problem of how 
much of the hormone to give. Too 
little FSH will not sensitize the ovary 
sufificiently to respond to the ovulating 
effect of LH, but too much will probably 
produce unfortunate side effects, Ju 
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addition to the total quantities to be 
given there is also the question of the 
relative amounts of each that are desirable 
to give the best results. Ratios which 
are too high or too low may each in 
(heir own way detract from the effective¬ 
ness of the procedure. 

A further complication which we have 
not yet referred to is precisely what type 
of gonadotrophin is used. The most 
obvious source of FSH is the human 
pituitary, and the hormone is indeed 
often prepared this way from post-mortem 
material. But there are also other 
sources which are easier to obtain. For 
example, the urine of women after the 
menopause is rich in the hormone and 
if is often prepared from this source. 
This human menopausal gonadotrophin, 
(as it is called), also contains some LH 
but in such small quantities that it is 
said to have no effect. 

And what of the LH itself? Again, 
it could be extracted from human piluita- 
rles but a far more abundant source is to 
be found in the placenta'. At an early 
stage of pregnancy the placenta start's 
to produce a hormone called human 
chorionic gonadotrophin (HCG) Which 
IS very similar in its biological action to 
LH and which is frequently used to 
replace LH in human therapy. With 
so many preparations available it is dtfRcull 
to standardize them all and to decide 
precisely how much of each one should 
be given. Again, different clinics have 
adopted different procedures and it is 
sometimes difficult to relate the method 
adopted by one investigator to that used 
by another. 

Despite all these difficulties the 
treatment of certain types of infertility 
yi/jth gonad otrophips }ias proved quite 


cousistently to be successful, although 
a great deal, of course, depends upon 
selecting at the outset just those patients 
who are most likely to respond to it. In 
the ideal clinical situation the FSH is given 
over a period which depends upon the 
doctor and the preparation that he 
IS using, and studies are carried out on 
the patient (for example, studies on the 
hormones excreted in her urine), in an 
attempt to discover if her ovaries are 
responding properly and if a follicle is 
enlarging. If the answer is afflimative 
then the HCG is administered to induce 
ovulation and the patient is recommended 
to indulge in sexual intercourse on that 
and subsequent nights in an attempt to 
fertilize any eggs which might have been 
released. 

Now the greatest difficulty with the 
method at the moment is an obvious one 
to which we do not yet have an answer. 
It IS extremely difficult (and some would 
say impossible) to adjust the dose of 
FSH so that only one single follicle is 
stimulated. Even in a normal cycle 
several of them start to grow together, 
although only one of them becomes fully 
mature. The rest regress without ovulating. 
But in the artificial situation where several 
have been stimulated, an ovulating dose 
of HCG is likely to cause them all to 
rupture. There are certainly enough sperms 
in the Fallopian tube to fertilize them all 
and so a multiple birth is likely to result. 
But the greater the number of babies the 
lower, in general, is their birth weight 
and their chance of survival. So, of 
perhaps five or six children born only 
two or three may survive. 

The two most obvious questions to be 
asked are ; ‘wiU we ever be able to 
adjust the hotrpone dosage to exactly the 
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right level, and if not, is tliis type of 
treatment justifiable? 

Some specialists believe that the answer 
to the first question is likely to be negative. 
Multiple births may always follow the use 
of these hormones. But the answer 
to the second question is undoubtedly 
positive. Many childless couples are 
prepared to go to almost any lengths 
to achieve conception and even when the 
difficulties of this type of therapy are 
explained to them they are still anxious 
to go ahead. In this situation the phy¬ 
sician who has the drugs, the clinic with 
adequate back-up facilities and the exper¬ 
tise in this particular field scarcely has 
any alternative but to proceed, even 
though, left entirely to his own opinion, 
he might be inclined to advise against it. 


Helping the Body to 
Accept Grafts* 

John Newell 

The greatest difficulty in the way of providing spare 
parts for human beings is still the human body’s 
ability to recognise and attack any foreign material 
which finds its way into the body. Evolved as a 
protection against micro-organisms and parasites, 
this defence system becomes the main limiting fac¬ 
tor when the surgical problems involved m trans¬ 
planting skin, kidneys, livers, hearts, and other or¬ 
gans from newly-dead humans or even from animals 
have all been solved. 

AT present the only commonly used way 
of getting round the problem is to give 
doses of immuno-suppressive drugs to 

’•'Reprinted from Spectrum, S2, 1971, 


patients who have received a foreign 
organ graft. But the use of these drugs 
has the serious disadvantage that by 
damping down the body’s defences against 
foreign tissue it also lowers its defences 
against infection. Patients who have to 
be kept on such drugs to prevent them 
rejecting a grafted organ are, as experience 
has shown, much more open to dangerous 
infections than ordinary people. Some¬ 
times they seem more liable to cancer, 
probably because the body’s defence 
system normally kills off either malignant 
cells or the viruses which may cause 
them before these have had time to form 
tumours. 

So although the use of immuno-suppre¬ 
ssive drugs can save many lives it is 
clearly a procedure with serious deficien¬ 
cies. An alternative approach is to attempt 
to make the human body accept a foreign 
graft as though it were a part of the 
body itself. When this can be done 
It is called inducing tolerance towards the 
graft. Sometimes, for reasons which are 
still unknown, if a small amount of tissue 
of the same type as a grafted organ is 
injected into an animal before the organ 
is grafted into the same animal, then this 
leads to tolerance towards the organ, 
Although the technique has been little 
used so far, surgeons are hopeful that 
eventually they may be able to use 
similar techniques to make patients tolerate 
grafted organs without the need for immuno¬ 
suppressive drugs. 

However, if this technique is to be 
used on a large scale then it will be 
necessary first to discover how tolerance 
can be reliably induced and so far this 
has proved impossible since no-one has 
really known how tolerance works, A 
pew theory put forward in Mqrch by 
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Pf, Anthony AUison of the Medical 
Research Council’s Clinical Research 
Centre in Harrow, together with American 
jcieiitists of Washington University, has 
Ihe double attraction of explaining the 
phenomenon of tolerance in much simpler 
terms than hitherto and also suggesting how 
tolerance can be induced to prevent or 
reduce the need for immuno-suppressive 
drugs after transplant operations. And 
there is already a good deal of evidence 
to support Dr. Allison’s theory. 

The basis of the theory is that tolerance 
really conies about not because the body 
fails to react to the graft but because rt 
reacts to it more strongly than usual. 
This apparent paradox requires further 
elucidation. On Dr. Allison’s theory the 
body’s defensive reaction against foreign 
material falls into two parts. First 
comes the formation of antibodies, 
molecules specially designed to attach 
themselves to the foreigner chemically 
Normally the function of the antibodies 
would be to neutralise harmful toxins. 
In the second part ot the reaction the 
I foreign material is attacked and literally 
devoured by the scavenging white cells of 
the blood, the macrophages. Dr. Allison’s 
belief however, is that if the first part 
of the reaction, the formation of the 
antibodies, is sufficiently strong then the 
second part will never take place The 
reason is that if a sufficient quantity of 
antibodies is produced then these will 
quite literally camouflage a grafted 
organ. The antibodies will attach them¬ 
selves chemically to every part of the 
organ which is recognisably foreign to 
the body it has been placed in. And 
this will mean that there is no way in 
which the macrophages can recognise the 
graft as foreign, Therefore, so long as 


the graft remains covered m a soit of 
cloak of invisibility, a smoke-screen of 
antibodies, it will never be attacked and 
destroyed. 

As Dr. Allison i s the first to say, much 
research remains to be done before the 
idea can be used on a large scale to 
help grafts to survive. For example, while 
some antibodies are harmless in them¬ 
selves, others can damage their graft. 
Nonetheless one British surgeon has already 
had Some success—first with animals 
and later with human patients—in promo¬ 
ting the survival of kidney grafts, using 
very low levels of immuno-suppressive 
drugs, by actually intensifying the anti¬ 
body-type reaction against the grafted 
kidney. 

The method used to intensify the reac¬ 
tion was as follows. The patients were 
children who received kidney transplants 
from parents. First the surgeon took some 
blood from one parent of a child in need 
a kidney transplant and injected this 
blood into the other parent. This made 
the body of the second parent produce 
antibodies to the tissues of the first parent, 
as a natural reaction to the foreign tissue 
in the injected blood. Then the surgeon 
gave the child a kidney from the body 
of the first parent together with blood 
serum containing these antibodies from 
the second parent. This meant that right 
from the start the child’s bloodstream 
had antibodies against tissue of the trans¬ 
planted kidney’s type circulating in it, 
as supplied from the second parent. The 
effect of the extra antibodies—as animal 
experiments had already shown would 
be the case—was to make the child’s body 
manufacture even more antibodies of its 
own against the kidney than would normally 
be the cqse. But the effect of all the 
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antibodies was not to destroy tlie kidney 
but to camouflage every single chemical 
feature of its surface which might have 
allowed the child’s white boold cells to 
recognise it as foreign—in fact it was, pro¬ 
tected by the antibodies from destruction. 

These ideas have so far only been 
tried in a few kidney transplants, although 
the results have been encouraging. But 
the idea has attractive features in theory 


as well as practice. Previously doctors 
had to find some way of explaining wliy 
repeated injections of foreign tissue some¬ 
times made humans or animals react to 
it less rather than more. On the new 
theory, this acquired tolerance is explained 
simply as a consequence of one part of 
the reaction being more violent than 
usual This simplification certainly makes 
the idea enticing to theoretical biologists. 






Frits Zernike: 
Lenses Were His Life* 

On December lOtb, 1963 the 65 year old Dutch 
Scientist Professor Frits Zernike, the man who made 
living cell visible, received from the hand of His 
Majesty King Gustav Adolf of Sweden the Nobel 
Prize for Physics in recognition of his ingenious 
Phase Contrast Mia oscope, by means of which it 
has been possible to study living cells and which 
has proved to be of inestimable value to medical 
research all over the world. 


AT the beginning of the century, a young 
stydent of chemistry, Frist Zernike, 
attended an auction sale in his home 
town of Amsterdam. There he purchased 
a telescope for a small sum. Little did 
he realize, as he examined the small 
pieces of glass which were part of his 
hobby, that they would eventually make 
him world famous an^ earn for him the 

♦Reprinted liora The lfetherlai]ds, Vol, XIV No, 5, 
May 1971. 


highest scientific distinction accorded to man 

Zernike was known for his perspicacity. 
The experiments with light and lenses, 
which were to fill much of his working 
life, eventually led him to an amazing 
discovery, the significance of which was 
not realized immediately but which even¬ 
tually brought about a true revolution in 
the optical study of living tissues so 
minute as to be invisible to the naked 
eye and in which an ordinary microscope 
could produce only vague contrasts. 

Now, however, thanks to Zeruike’s phase 
contrast microscope—^which is as simple as 
it IS ingenious—doctors, biologists, bacterio¬ 
logists, cytologists and histologists all over 
the world are able to observe living organic 
tissues and thus, as it were, study life itself 
as it goes on. Cancer research has probably 
profited more than any other branch of 
research from Zernike’s discovery. 

The unending battle against this disease 
would probably not have been in such 
a favourable position as it is today, 
had it not been for such powerful instru¬ 
ments as the phase contrast microscope. 
Similarly it has enabled clinical research 
workers to arrive at a correct diagnosis 
in a far shorter time. Biologists can now 
follow the mysterious processes of the 
division of living cells and cell nuclei; 
then can observe what is known as “hfe” 
in one of its most fascinating aspects. 
The cell is the smallest of all the 
component parts of organic life in human 
beings, animals and vegetable matter. The 
phase Contrast microscope has made it 
possible to follow the complicated pro¬ 
cesses which go on inside such a cell while 
they are going on. An example of these 
is the activity of the mitochondriae, those 
minute bodies which form part of the 
cell protoplasipa, All these processes are 
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closely allied to the secret of life and to 
the difference between sickness and health. 
It IS not surprising that the Amsterdam 
University decided in January, 1953 to 
award an Honorary Degree of Doctor of 
Medicine to the man whose discovery had 
made possible all these strides forward in 
medical science. 
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Principle of Phase Contrast Microscope 

At the beginning of the 17th century, 
when the microscope was first invented, 
no one was aware that disease and illness 
could be caused by living objects so small 
that they could not be observed with the 
naked eye. Once equipped with the then new 
and wonderful instrument, the scientists of 
the day rapidly came to the conclusion that 


the strangely formed organisms which 
revealed themselves to their amazed eyes 
and which for the sake of convenience 
they termed animalcules, might well be the 
cause of the various plagues which afflict 
the human race. 

No one can say exactly when and where 
the first lens microscope was made. The 
philosopher Seneca knew that printed 
letters became larger, and thus easier 
to read, if they were placed under a 
glass bowl filled with water, but it took 
sixteen hundred years for more systematic 
lenses to be used to penetrate into the myst¬ 
eries of the microcosoms. That immensely 
versatile inventor Cornells Drebbel, a 
Dutchman attached to the Court of James 
I of England, must have possessed an 
instrument with two lenses and this is 
still regarded as the forerunner of all 
microscopes. And yet it was 1800 before 
the primitive instruments with which a fly 
appeared to be “as big as a lamb” were 
improved to the point at which they 
could be used to pioneer medical 
research. 

Thanks to the Work of such great 
experts as Huygens, Newton, Snellius, 
Descartes and Abbe, much more knowledge 
had been obtained in the meantime about the 
laws of light and the phenomena of refrac¬ 
tion. Abbe, who was one of the founders of 
the world famous Zeiss concern, made a 
particular contribution to the further 
development of the microscope info a 
refined precision instrument without which 
physics, medicine and technics would never 
have reached the high level which they 
have in our day and age. The microscope 
emerged triumphant in the period between 
1878 and 1924. Beginning with Robert 
Koch, who got on to the track of the cause 
of infection in wounds, nuiqefpus scientists! 





YOUNG POLKS CORNEK 


233 


including Pasteur uncovered the secrets of 
leprosy, typhord, cholera, plague, malarra 
and many other infectious diseases. 

Shortly before the outbreak of the Second 
World War, the microscope took a fresh, 
powerful step forward with the invention 
of the electron microscope in which the 
image was formed not by light waves but 
by much liner beams of electrons. With 
its magnification factor of anything up to 
100 , 000 , the electron microscope is a large 
and costly instrument; but it has the 
disadvantage that living tissues are killed as 
soon as they are brought into contact with 
the instrument, while its size and cost place 
it outside the scope of the i ndividual scientist 
Long ago the practice came into being of 
colouring specimens intenUed for micros¬ 
cope research; in this way they became 
better visible and displayed the desired 
contrasts. Unfortunately, however, this 
defeated the object because living organisms 
did not survive the colouring treatment. 

It took a man of the calibre and versa¬ 
tility of Zernike to break this vicious 
circle. In his scientific career at Gronin¬ 
gen University in the North of the Nether¬ 
lands, he revealed himself not only as an 
astute theorist but also as an extremely 
capable experimenter who was as able 
with his hands as with his brain. An 
example of this is seen in his ingenious 
revolving-mirror galvano-meter with which 
even the weakest electric currents can 
be measured. For years this intiovert 
young man, whose interests hardly stret¬ 
ched beyond his scientrfic activity, worked 
on an idea aimed at drastically changing 
the pattern of the light microscope. He 
extended a theory earlier expounded by 
the great Abbe on the formation of images. 
In 1932, he travelled to “the lion’s den,” 
the city of Jena in Germany, where the 


Zeiss factories were located. There his 
theories were received with inteiest, but no 
more, and he was sent on his way with 
the remark “if what you have said had 
been of any significance, we should have 
discovered it by now.” The Zeiss research 
teams were indeed working on the same 
problem as Zernike. But unlike them, 
he persevered until he succeeded. 

The result of Zermke’s pioneering work 
was seen in a theoretical analysis which 
he published between 1937 and 1942 
and in which he set out the manner in 
which the image in a light microscope 
is formed. The waves sent out by the 
small light source travel transversely 
through transparent preparations and form 
an image which can be studied tluough 
the ocular lens. But what happens if 
the various components which constitute 
the parts of the specimen allow the light 
to pass in equal quantities? The result 
would be a vague image lacking in contrast 
and extremely difficult to analyse. For¬ 
tunately, however, the light waves possess 
a further property; they are not refracted 
equally when passing through various 
substances. If you plunge a pencil into a 
glass of water you will see that it appears 
to assume a bend, the size of which 
is determined by the refractory index 
of water Each element and substance 
has a different refractory index. 

It was this characteristic which Zernike 
utilised, and as it proved, this was the 
answer. The greater or smaller “bending” 
which the various components of a specimen 
underwent in the microscope caused a 
phase differentialinthe light waves; these, 
however, are not discernible to the naked 
eye. The following example will serve 
to illustrate the principle. 

A platoon of soldiers marches, in fours, 
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along a I'oad across wliicli a muddy 
strip runs at a slant. Soldier No. 1 is 
tlie first to encounter the mud and although 
he continues to march in the same direction 
he moves considerably slower owing to 
the resistance of the muddy terrain. Sol¬ 
dier No. 4, however, marches a few 
yards fmther before he comes to the 
strip and thus lengthwise (in the direction 
of marching) he passes No. 1. The 
marching ranks have “shifted” in relation 
to each other; mother woids they display 
a phase differential. Assuming that the 
toad surface and the strip were precisely 
the same in colours, an aerial observer 
Would still be able to deduce from the 
shift that the marchers were on ‘fast’ 
and ‘slow’ types of terrain. 

The phenomena of refraction and 
phase shifting are, in fact, considerably 
more complicated than in our example. 
Howevei, the comparison does enable 
us to obtain an idea of the difficulties 
which Zermke set out to overcome. 
He succeeded not only in making the 
phenomenon of phase differential visible 
but also considerably strengthened it. 
Zernike’s secret lay in placing two objects 
xn the light rays m his microscope, and 
together these produced the desired effect 
One of the objects was a metal ring 
and the other a piece of transparent glass 
ground to a special design; the former 
he called the phase ring and the latter 
the phase plate. This plate was anything 
but easy to manufacture; above all it 
had to be slightly thicker or thinner in 
the centre than around the periphery. 
The difference was only a few thousands 
of a millimetre, necessitating almost 
impossible grinding operation. But 
Zernike, born instrument maker as he 
was, conquered this problem too. His 
perseverance was more than rewarded 


because, when Ins new microscope had 
passed through the stage of “growing 
pains,” the improvement in the detail 
of the living organisms under the lens 
was so evident that nothing could hinder 
the success of the instrument, In fact, 
Zernike had succeeded in turning the 
invisible differences m the refractor 
index into visible differences in the inten¬ 
sity of the light passing through his pre¬ 
parations. 

The results were more than surprising. 
A human sweat gland which displayed only 
vague lines and shapes when examined under 
a normal microscope, resembled more a hilly 
terrain with rivers and gullies when examined 
under the phase contrast instrument, and the 
contrasts were clear for all to see. 

Shortly after the end of the Second World 
War, a team of American scientists searching 
amid the wreckage of the former Zeiss 
factories came across pieces of a film showing 
hving, moving tissue. The film had been 
made with the aid of ideas developed by 
Professor Zernike. One of the finders, the 
American bacteriologist John T. Bruce, went 
to Groningen to meet Zernike and invited him 
to visit Ameiica. There, in November 1949, 
Zernike appeared as guest professor and 
lectured at the Johns Hopkins University 
in Baltimore to members of the National 
Academy of Sciences on his revolutionary 
theories. In November 1951 he was invited 
to attend the centenary celebrations of the 
National Bureau of Standards in Washington 
where he gave a demonstration at' which 
he more than convinced the scientists 
present of the value of his discovery. 
Exactly one year later the famous Royal 
Society m London awarded him Rumford 
Medal for his “method of achieving an 
immense improvement mthe observation 
of fine structures in transparent prepara¬ 
tions with the aid of microscopes fitted 
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,, 111 , so called phase plates.” The Society 
jescribed Zeniike’s discovery as the most 
ijiportant in the field of light, made 
during the preceding two years. Other 
scientific awards followed, culmi natuig in 
t|,e Dutch Professor’s presence on the dais 
of honour in Stockholm on December 
10th, 1953, to receive from the hand of 
King Gustav Adolf of Sweden the Nobel 
Prize for Physics. A member of the Nobel 
Institute summed up Zernike’s life’s work 
as follows “the theoretical conclusions 
which brought Zernike to his ultimate 
discovery must be called the work of a 
genius.’’ 

On April 30th, 1954, Her Majesty 
Queen Juliana of the Netherlands appointed 
one of her greatest but most retiring 
subjects to be a Commander in the Order 
of Oranje Nassau. Professor Zernike 
more than earned the distinction. 


Nicolaus Copernicus 


jSjICOLAUS COPERNICUS (1473-1543 
A.D.) was an eminent Polish scholar, 
creator of the heliocentric theory of the 
Universe, astronomer, mathematician, 
economist and physician. 

He studied astronomy, law, medicine 
and theology at universities in Crascow, 
Bologna, Padua and Ferrara. 

In 1503 A.D., after completing his 
studies, he returned to Poland where he 
remained till the end of his days. In 
1510 he settled in Frombork where he 
was appointed Canon of the Waritua 


Chapter. There he conducted his astrono¬ 
mical observations and wrote his mam 
works. 

About 1510 A.D. he presented an outline 
of the heliocentric theory of the structure 
of the Universe in his dissertation entitled 
Commen tanolus. 

His most important work which contained 
a discourse on astronomy based on the 
heliocentric system, was written over the 
years 1515-1533 A.D.; it appeared in 
print under the title De revohtionibus 
obriwn coelestmm in 1543 A.D. in Nurem¬ 
berg. 

This work revolutionized the th^n pi'e-, 
vailing views onthe structure of the Universe 
and laid the foundation for the new 
cosmology. Copernicus idso displayed 
interest in problems of economics and in 
1526 A.D., he was the first to formulate 
in a treatise entitled, De monetae cudendae 
ratio, the law of economics according to 
which cheaper money gradually supplanted 
dearer: the law was re-formulated by 
Thomas Greshan, the English economist 
who lived much later. 

Copernicus Instrumentarium 

What were the instruments used by 
Nicolaus Copernicus, the great Polish 
astronomer who abolished the thesis about 
the geo-centric planetary system? 

Some painters depicted Copernicus 
holding a telescope. But the telescope 
was constructed much later, and Coper- 
meus used extremely primitive instruments 
built on the pattern of the instruments 
used by ancient astronomers. He obtained 
with them such accurate results that it 
amazed the astromers of later times. 

What were those instruments? His 
entire observatory, as it would be called 
today, consisted of three principal instru¬ 
ments. The first—<three flat pieces of wood 
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witliascale-^served Copernicus to measure Recently the 14th Congress of the Inietna. 
the angle between the perpendicular and tional Astronomical Union, held m 
the star. The second instrument was simply Brighton, Britain, resolved that an extra- 
a quarter-circle with a scale which also ordinary Congress of the Union will be held 

served for measurements, in Warsaw in September 1973 to coramenio- 

The most complicated instrument was rate Copernicus, Apart from several 
an equivalent on the modern mobile map symposia on topical problems of astronomy, 
of the sky, This consisted of six wooden a special session devoled to Copernicus 
circles with a scale joined to the same will be organized. 


centre so that they could be moved 
m relation to one another, With the help 
of such simple instruments the Polish 
astronomer reached conclusions which 
have become the foundations of modem 
science. 


An International Congress of Historians 
of Science will be held in the astroiiomei’s 
home town, Torun, in 1973. 

The Polish Academy of Sciences and 
Universities ill Poland have maintained 
contacts with research centres abroad. 


500th Birth Anniveisary of Copernicus 
On February 19tli, 1973, the world will 


particularly Italian universities, concerning 
problems of Copernicus and liis work. 
A number of celebrations devoted to 


celebrate the 500th anniversary of the birth Copernicus will be held in Italy during 
of the great Pole, Nicolaus Copernicus, the next three years. 



New Trends in Science 
Education—A Few 
Guidelines 

M Wasi 


AUR aim of education is nationai deve- 
lopnient This is possible only through 
industrial, technological and scientific 
advancement. For such advancement, 
creative, productive and scientifically 
thinking people are required. People who 
may not only imitate but invent their 
own models and may not only be theore¬ 
ticians but practical workers. 

To produce such citi 2 ens is mainly 
the responsibility of science education. So 
it is imperative to change the present system 
of our science education which is based 
on the old concept of science. It was 
then defined as systematised knowledge 
Consisting of certain facts, figures, formulae, 
equations, etc. This definition no longer 
holds good Now it is not only an orga¬ 
nised body of facts and figures, principles 
and theories but a way of thinking 
and DOING things too. Science is nol 
merely what scientists know but also how 
they think and work. It is a product 
as well as a process, product of the 
processing done by the scientists. Process 
of science also includes the role of scientific 
enterprise in national development. With 
this changed concept of science and the 
role which it has to play, the place of science 
in school curriculum has to be redetermined. 
For an industrialising society like ours, if 


has to be an integral part of our general 
education. 

So far most of our teaching efforts have 
been directed to the product of science— 
the Content or the factual knowledge, Very 
little attention has been paid to its processes 
which are, perhaps, more important as 
they are not only applicable to science 
but also to every day life problems. Now 
attempts are being made to develop such 
a curriculum in which the product 
and PROCESS may go together. The 
children may not only know what the 
scientists have discovered but may also learn 
to work like them. In U S.A. quite a few 
programmes of science teaching have been 
chalked out with this point of view. Two 
of them, the Science Curriculum Improve¬ 
ment Study (S.C.I.S.) and Science—A 
Process Appraoch are briefly described 
m the following pages. 

Science Curriculum Improvement Study 

Science Curriculum Improvement Study is 
a research project to develop content-process 
oriented programme of science teaching for 
small children. The aims of this programme 
are' 

1. To help the children to learn the fun¬ 
damental concepts of physical and biological 
sciences. 

2. To enable them to understand that 
scientific ideas are based on the observation 
of natural facts and phenomena and are 
also the product of human inventiveness and 
imagination, 

3. To help them to understand that for 
an idea to be fundamental and to persist, 
it is necessary that it is tested against 
further observation and experiment. If 
it is supported by fresh evidence, it is accept¬ 
ed and if not, it is either modified or 
rejected. This programme combines contents 
processes and attitudes. In fact the tliree 



^38 


SCHOOL SCIENCE SEPTEMBER 1971 


are iuterrelated and cannot be dealt with 
in isolation from one another. There¬ 
fore, first the concepts have been carefully 
selected and then such instructional pro¬ 
cedure has been devised which enables 
the cliildreii to learn the scientiQc process 
as they proceed on to learn the concepts. 
This procedure is as follows. 

Instructional Procedure. The procedure 
is based on the modern theory of under¬ 
standing science which rejects the old idea 
that a scientist functions only as a camera 
Instead, it recognizes that the observations 
depend upon the observer’s past experience 
and the conceptual structure of his mind as 
much as they do on the object observed. 
Perceiving is an interaction between what is 
being observed and what is already there in 
the mind of the observer. Under this pro¬ 
cedure the classroom is converted into a 
laboratory. Children are given selected 
material winch may be living organism or 
non-living objects. They are allowed to 
observe and manipulate the material, some¬ 
times freely and sometimes under the guid¬ 
ance of the teacher. The objectives of the 
activity and the nature of the material deter¬ 
mine the degree of the guidance to be given 
by the teacher. This is termed exploration. 

The preliminary exploration provides 
the children with a new experience, a direct 
physical and mental contact with the orga¬ 
nisms or objects. If more than verbal beha¬ 
viour is desired, this experience is essential. 
Realunderstanding is to be achieved through 
real contact. 

The new experiences gained by the child¬ 
ren raise many problems which give the tea¬ 
cher the opportunity to introduce the concept. 
Its understanding helps the 'child to solve the 
problems encountered during ‘Exploration’. 
This step is called invention. Here the 
teacher furnishes him with the necessary 
explanations and helps him to grasp the 


concept with more experiments and obser¬ 
vations He has to tell the child many things 
because he cannot be expected to dis¬ 
cover what the great minds have done over 
many years. In the next step which is called 
DISCOVERY, the child applies the concept 
to new situations. The experiences provided 
in this step reinforce, refine and enlarge the 
content of the concepts. Thus the child 
not only understands the scientific concepts 
fully but is also m a position to apply them 
to solve new problems. 

An example will make the three steps clear. 
Suppose the concept of magnetic interaction 
is to be developed. For exploration, 
one of the techniques may be to provide 
two bar-magnets and a cardboard made skate 
to each child or a group of children. They 
are then asked to put one of them on the skate 
and bring the other gradually towards it. 
Now some children observe that their skate 
moves forward while others notice a repul¬ 
sive action. Curiosity is aroused. They 
try to find out what those bars are. Appa¬ 
rently they are pieces of iron. The children 
are then supplied with simple iron bars of 
the same size and shape. The experiment is 
repeated with those bars but no interaction 
IS observed The children guess that the 
two bars supplied at first are different from 
those supplied later. Why does the skate 
move forward with the first pair ? Why does 
it move backward in some cases ? What is 
the difference between the two sets of bars. 
Such questions arise iiithe minds of the pupils. 
This step is called exploration because 
the children explore the situation they have 
been placed in. 

Now the teacher enters the scene to cop- 
firm that the first pair of bars is different 
from the second, though both ate made of 
hard ifon He introduces the name ‘magnet’ 
if the children have not pronounced it so far. 
He shows them how magnet is made. More 
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; (jperimeats ai'c performed,. A magnetic 
l)jt is suspended so as to move free 
j((l it IS noticed that the same end points to 
He same direction when it comes to rest. 

< Tfien simdar and dissimilar ends of another 
' magnet are brought near the suspended 
; lijr and repulsion and attraction are respeo- 
i tiyely observed In this way they find the 
answers ef their questions. Subsequently 
( magnetic interaction with other substances is 
: found out. The magnetic and non-magnetic 
substances are identified. This step is 
f INVENTION in S.'C.I.S terminology. 

Lastly the applications of magnetic inter¬ 
action are studied experimentally in various 
new situations. This is termed discovery 
because something new has been found 
out with the help of previous experience. 

Evalaution; The student is confronted 
with a set of experimental problems 
for the solution of which he has to 
apply the concepts and techniques deve- 
bped 111 the unit. He has also to explain 
why this procedure leads to a certain solu¬ 
tion. This is possible for him only if he 
I las well understood the procedure. The 
* problems assigned in this step are different 
from any that he encountered in the unit. 

' His performance on such problems gives 
8 good evidence of his understanding, ini¬ 
tiative and mastery of techniques for two 
reasons ■ 

(i) The novelty of the problems prevent 
them from being solved by mere recall of 
information, and 

(ii) the experimental nature of the pro- 
hlems calls for the initiative and grasp of 
.technique. 

■ In this way it can be ascertained how far 
the objectives of a particular unit have been 
■achieved. This evaluation techmque tests 
the understanding of the concepts as well 
as the skills learnt or what may be called 
'behaviour acquisition. 


Teacher’s Role: He treats the classroom as 
a laboratory where children acqmre first-hand 
experience about natural phenomena and 
make discoveries. The students are allowed 
to discuss freely among themselves and also 
with the teacher but he is careful not to tell 
what they can find out for themselves. He 
gives lus suggestions only when they fail to 
proceed to test their conclusions and hypo¬ 
theses. He encourages them to experiment, 
to observe and finally to find the answers, of 
their questions for themselves Of course 
the conceptual structures are provided by him 
but it is always followed by extensive dis¬ 
covery experiences. He notes the reactions 
of the students carefully and uses them for 
planning further science activities. 

In fact the teacher’s activities determine 
the curriculum if it is defined as an inter¬ 
active concept consisting of the developed 
knowledge of the subject and its relationship 
to the pupil and his previous experiences 
which help to clarify learning 
capabilities. 

He has to synthesise the subject and the 
pupil. This IS possible for him for the sim¬ 
ple reason that he directly interacts with the 
children. It is, therefore, imperative for him. 
to know the subject matter he is teaching, 
the previous learning, intellectual capabi¬ 
lities and maturation level of his pupils. 
From the preceding description, it is evident 
that in S.C.I.S. programme the emphasis 
continues to be on scientific concepts but 
these are not to be understood through books 
or verbal explanations but through activities. 
The performance of these activities enables 
the children to learn the processes involved. 
■The concepts have been chosen so carefully, 
the teaching strategy devised so skilfully 
and the material developed so ingeniously 
that the children are sure to learn the 
scientific piocesses along with the understan¬ 
ding of concepts. 



240 


SCHOOL SCIENCE SEPTEMBER 1971 


Science—A Process Approach 

Science—A Process Approach is a process- 
oriented programme. It lays a strong em¬ 
phasis on the learning of scientific processes 
by the children According to Gagne, the 
processes of science are what scientists do 
to gain knowledge. They observe, classify, 
measure, predict, formulate hypothesis, test 
them and finally establish new principles. 
The scientists have leatnt these processes 
by practising over a long period. Gagne, 
therefore, suggests that the chiJdren should 
be taught these processes in their simple forms 
flora the very beginning If they practise them 
for many years, they will learn to work like 
scientists. This line of argument does not 
imply the purpose of making every child a 
scientist. That would be futile Instead, the 
underlying belief is that the functional under¬ 
standing of scientific concepts is not possible 
without learning these processes 

The other consideration is that, in fact 
these processes are intellectual skills which 
generalise in due course of time. Once 
they have been generalised, they not only 
help the child in understanding other 
subjects but also influence his approach to 
everyday problems. There is sufficient 
evidence to prove that they do generalise in 
due course of time. 

Piaget’s work reminds us that the deve¬ 
lopment of intellectual skills takes place 
from very concrete and specific to in¬ 
creasingly abstract and general Highly general 
intellectual skills are formed over a number 
of years and depend upon the cumulative 
effects of learning a variety of relatively con¬ 
crete principles. Accordingly, the skills which 
the S A.P A. aims to develop begin in highly 
specific and concrete forms and are gradually 
generalised by well planned exercises. The 
whole attempt is very realistic because the 
objectives of each exercise are modest and 
hence generally attainable. There is a pro¬ 


gressive development of each process cate¬ 
gory. As tins development proceeds, it 
comes to be increasingly interrelated -with 
corresponding development of other process¬ 
es. For example, the process of inferrirg 
IS closely linked with the processes like ob¬ 
serving, classifying, measuring, etc and hence 
the former cannot be learnt until the latter 
have been practised and mastered. The In¬ 
tel relatedness of this development has been 
taken care of m the exercises planned for the 
development of various processes. These 
have been carefuUy analysed into eight basic 
and five integrated processes. 

Basic Processes 

1. Observing 

2. Classifying 

3. Using numbers 
4 Measuring 

5. Using space-time relationship 

6. Communicating 

7. Predicting 

8. Inferring 

Integrated Processes 

1. Defining operationally 
2 Formulating hypotheses 

3. Interpreting data 

4. Controlling variables 

5. Experimenting 

A breif explanation and sequence of 
the development of these processes is as 
follows; 

Observing : The five human senses 
are fundamental tools of all observation. 
To develop this process, therefore, the child¬ 
ren are placed in situations where they 
have to use their senses carefully. Gradually 
they learn that in order to find facts, 
the use of senses is indispensable. The 
process begins with identification of 
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objects and object properties and then 
pfoceeds to the identification of changes lu 
various physical systems, the making of con¬ 
trolled observations and ordering of a series 
of observations. 

Classifying ■' Scientists have classified 
various natural objects and phenomena 
ill difierent ways. Sometimes a single chara¬ 
cteristic IS the basis of classification and at 
other times many properties are taken into 
consideration. For example plants have 
been classified according to their system of 
producing flowers. Similarly things are 
classified in everyday life with one or more 
considerations. 

It starts with simple classifications of various 
physical and biological systems and progre¬ 
sses through multi-stage classification, their 
coding and tabulation. 

Measuring : It begins with the iden¬ 
tification and ordering of lengths and pro¬ 
ceeds to the rules of measurement of length, 
area, volume, weight, temperature, force, 
speed and a number of derived measures 
applicable to specific physical and biolo¬ 
gical systems. 

Using Space-time Relationship : The 
pfoblem of space-time relationship arises 
when things move. They require space 
for their movement and take time 
to move from one point to another. For 
example a car moves on a road and an 
aeroplane in the air. They may move 
in straight or curved paths and may also 
change their directions. Time passes on as 
they go from one place to another. 

Therefore this sequence begins with the 
identification of shapes, movement and 
direction and proceeds to the learning 
of rules applicable to straight and curved 
paths, direction at an angle, changes in posi¬ 
tion and determination of linear and angu¬ 
lar speeds, 


Communicating : The knowledge gain¬ 
ed by one has to be communicated to 
others for its growth and utihty. Language 
is only one of the media which does 
not always serve the purpose and so other 
means such as diagrams, graphs, pictures, 
etc have to be adopted This process 
development, therefore, starts with bar- 
graphs and proceeds through describing 
a variety of physical objects and construction 
of graphs and diagrams for observed results 
of experiments. 

Predicting : It is based on the ob¬ 
served facts and in the nature of high degree 
of probability. Every one is familiar with 
weather forecast, prediction of lunar and solar 
eclipses. Science has its own methods of 
predicting which are sometimes very simple 
but often complex. To children simple 
methods of predicting are taught like inter¬ 
polation and extrapolation of graphs. They 
also learn the methods of testing their pre¬ 
dictions. 

Inferring : Inferences are based 
on observations and hence the former 
are different from the later in nature. 
Observations are directly concerned with 
our senses but inferences are related to our 
reasomng. For example, if a glowing match- 
stick or a glowing piece of coal is thrown in 
a gas jar containing oxygen they burst into 
flames. This is an observation. But if 
on the basis of this observation it is said 
that oxygen is a strong supporter of 
combustion, it will be an inference. 
Hence first of all the children are taught to 
distinguish between an observation and an 
inference and then to draw inferences from 
observations of physical and biological phe¬ 
nomenons. 

Formulating Hypotheses : Hyposthesis is 
just a supposition which seeks to explain 
the observed facts. It is based on a few 
observations and has, as a rule, to 



240 


SCHOOL SCIENCE SEPTEMBER 1971 


Science—A Process Approach 

Science—A Process Approach is a process- 
oriented prograimne It lays a strong em¬ 
phasis on the learning of scientific processes 
by the children According to Gagne, the 
processes of science are what scientists do 
to gain knowledge They observe, classify, 
measure, predict, formulate hypothesis, test 
them and finally establish new principles 
The scientists have learnt these processes 
by practising over a long period Gagne, 
therefore, suggests that the children should 
be taught these processes in their simple forms 
from the very beginning. If they practise them 
for many years, they will learn to work like 
scientists. This line of argument does not 
imply the purpose of making every child a 
scientist. That would be futile. Instead, the 
underlying belief is that the functional under¬ 
standing of scientific concepts is not possible 
without learning these processes. 

The other consideration is that, in fact 
these processes are intellectual skills which 
generalise in due course of time Once 
they have been generalised, they not only 
help the child in understanding other 
subjects but also influence his approach to 
everyday problems. There is sufficient 
evidence to prove that they do generalise in 
due course of time. 

Piaget’s work reminds us that the deve¬ 
lopment of intellectual skills takes place 
from very concrete and specific to in- 
cieasingly abstract and general. Highly general 
inteUectual skills are formed over a number 
of years and depend upon the cumulative 
effects of learning a variety of relatively con¬ 
crete principles. Accordingly, the skiUs which 
the S.A.P A. aims to develop begin in higlily 
specific and concrete forms and are gradually 
generalised by weU planned exercises. The 
whole attempt is very realistic because the 
objectives of each exercise are modest and 
hence generally attainable. There is a pro¬ 


gressive development of each process cate¬ 
gory As this development proceeds, it 
comes to be increasingly interrelated with 
corresponding development of other process¬ 
es For example, the process of inferring 
IS closely linked with the processes like ob¬ 
serving, classifying, measuring, etc. and hence 
the former cannot be learnt until the latter 
have been practised and mastered. The in¬ 
terrelatedness of this development has been 
taken care of in the exercises planned for the 
development of various processes. These 
have been carefully analysed into eight basic 
and five integrated processes. 

Basic Processes 

1. Observing 

2. Classifying 

3. Using numbers 

4. Measuring 

5. Using space-time relationship 

6. Communicating 

7 Predicting 

8. Inferring 

Integrated Processes 

1. Defimng operationally 

2. Formulating hypotheses 

3. Interpreting data 

4 Controlling variables 

5. Experimenting 

A breif explanation and sequence of 
the development of these processes is as 
follows: 

Observing : The five human senses 
are fundamental tools of all observation. 
To develop this process, therefore, the child¬ 
ren are placed in situations where they 
have to use their senses carefully. Gradually 
they learn that in order to find facts, 
the use of senses is indispensable. The 
process begins with identification of 
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elects and object properties and then 
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Communicating : The knowledge gam¬ 
ed by one has to he communicated to 
others for its growth and utility. Language 
is only one of the media which does 
not always serve the purpose and so other 
means such as diagrams, graphs, pictures, 
etc. have to be adopted. This process 
development, therefore, starts with bar- 
graphs and proceeds through describing 
a variety of physical objects and construction 
of graphs and diagrams for observed results 
of experiments. 

Predicting : It is based on the ob¬ 
served facts and in the nature of high degree 
of probability. Every one is familiar with 
weather forecast, prediction of lunar and solar 
eclipses. Science has its own methods of 
predicting which are sometimes very simple 
but often complex. To children simple 
methods of predicting are taught hko inter¬ 
polation and extrapolation of graphs. They 
also learn the methods of testing their pre¬ 
dictions. , 

Inferring : Inferences are based 
on observations and hence the former 
are different from the later in n^tur^ 
Observations are directly con^rned with 
our senses but inferences are related to our 
reasomng. For example, if a glowing match- 
stick or a glowing piece of coal is thrown in 
a gas jar containing oxygen they hurst into 
tos Tl,s « an observation But ,f 
oa tbe basis of tbis observation it is said 

that oxygen is a strong supporter of 
tha yg inference, 

combustion, it wm 
Hence first of all the children are taught to 
distinguish between an observation and an 
inference and then to draw 
observations of physical and biological phe 
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Ihe observed facts. It is based on a few 
phservations and has, as ’ 
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be tested against further observations and 
experiments. It persists only if it is support¬ 
ed by this fresh evidence. The difference 
between a hypothesis and an inference 
IS that the former is a general likeli¬ 
hood in character while the latter is a speci¬ 
fic concluded fact. For example if a bulb 
glows by putting a piece of copper in gap 
left in a closed electric circuit, the inference 
is that the copper is a good conductor of 
electricity. If the same happens by fiUing 
the gap with iron and nickel pieces, the hy¬ 
pothesis would be the metals are good conduc¬ 
tors of electricity. But for this hypothesis 
to be Valid, it has to be tested against many 
more metals. 

For the development of this process the 
child starts distinguishing hypotheses from 
inferences, observations and predictions and 
advances to the stage of constructing hypo¬ 
theses and demonstrating their tests. 

Interpreting Data : Scientific data ate 
represented in various forms. So this 
sequence generally begins with the des¬ 
cription of graphic data and inferences based 
on them. It proceeds to constructing equa¬ 
tions to represent data, relating data to state¬ 
ments of hypotheses and making generali¬ 
sations supported by experimental findings. 

Controlling Variables ; Often there 
are many factors influencing a certain 
phenomenon. In order to study the 
effect of one or a few of them, the others 
have to be controlled. The first step is to 
identify these factors and to know their nature. 
They may be dependent or independent 
variables. Development proceeds to the 
level at which the student, being given a 
problem, an inference or a hypothesis, act¬ 
ually conducts an experiment, identifying the 
variables and how they are controlled. 

Experimentation : This is the crux of 
the integrated processes. It is developed 
through a continuation of the sequence 


for conirolling variables and includes the 
interpretation or scientific experiments as 
well as stating problems, constructing hy¬ 
potheses and carrying out experimental 
procedures. 

Coverage of Content ■ These processes 
cannot be isolated from the contents of 
science. But as the emphasis is not on the 
subject matter, only those concepts have been 
selected through which these processes can 
be taught easily. Naturally, the emphasis on 
processes has resulted in a corresponding de- 
emphasis on the content Hence the cover¬ 
age of the content has been reduced and is 
as follows in various fields of science. Phy¬ 
sical Science 40%, Life Science 25%, Mathe¬ 
matics 18 %, Earth Science 10%, Social and 
Behavioural Science 7% 

Instructional Material : There are 
guidebooks, process hierarchy charts, exer¬ 
cises for the teacher but no literature 

IS ADDRESSED TO CHILDREN. There are 
many exercises for the development of each 
process. Their sequence has been determined 
according to the increasing complexity of 
each process and its relation to others. 

In each of these exercises, the objectives 
have been very precisely and clearly stated 
in terms of behaviour acquisition. A child 
is expected to achieve these objectives imm¬ 
ediately after the complexion of the acti¬ 
vities suggested in the exercise. Each exer¬ 
cise teaches the child some new skills. He 
is able to do something which he was not 
able to do before he took the exercise. The 
pre-requisites and the skills to which it leads, 
have also been mentioned on the title page 
of each exercise. 

AU the exercises are highly structured con¬ 
taining rationale vocabulary,' related ma¬ 
terial, instructional procedure and genera¬ 
lising experience and competency measure. 
Rationale states the importance of the exer¬ 
cise, vocabulary consists of the nQW words' 
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that may be useful for the child in doing the 
gxercise and the related material is the list 
' of equipment required for the activities. 
Generahsing experiences are generally group 
activities designed to enable competency in the 
child to apply the experience gamed in new 
situations; this measure consists of individual 
activities aimed at testing the behaviour 
acquisition of the child. If the child is able 
to perform these activities successfully, it 
means he has acquired the desired behaviour 
and the objectives of the exercise have 
been achieved. 

Distinctive Features 

(1) The child has to read no books and 
has to make no conscious efforts to memorise 
anything. He learns everything by doing. 

(2) The objectives of each exercise have 
been stated in terms of the desired beha¬ 
vioural changes to be acquired by the child 
which can be immediately evaluated after 
achievement of the completion of the exercise. 

(3) Evaluation is the integral part of the 
instructional programme. Each exercise 
contains a behavioural achievement test for 
the assessment of the child. The success at 
this test indicates the achievement of the goals 
of the exercise. Besides, separate measures have 
been developed to determine the pupils’ attain¬ 
ments in process-skills prior to instruction so 
that it may he made sure that they have 
already acquired the pre-requisite skills, 

(4) The learning is cumulative and results 
in the continually increasing degree of under¬ 
standing of and capabihty in the processes 
of science. Beginning is made in Kinder¬ 
garten with observaliotf and description of 
object properties and motion and advances 
through sixth grade to the design and 
conduct of scientific experiments on a 
variety of topics; 

(5) A fairly broad field of science is co¬ 
vered. Topics from inaths hgve hpeii includ¬ 


ed to help the preparation for other science 
activities. Principles in Physics, Chemistry 
and Biology have been fairly represented. 
There IS less of Earth Science and Astronomy 
but they have not been ignored. 

Guidelines for our Programmes 

The study of these programmes leads us 
to the following ideas : 

1. At aU stages of education, the objectives 
should be clearly and precisely defined and 
evaluation techniques to evaluate the attain¬ 
ment of these objectives should he devised. 
At present, we have just a very hazy idea 
as to what a student will know and be able 
to do after he has passed elementary, middle, 
higher secondary or university examination. 
Our aims arc global for which no evaluation 
procedures are known with the result that 
it is very difficult to fiud out whether or 
not these aims have been achieved. 

2. Yet there is much unnecessary em¬ 
phasis on ‘information’ in the teaching of 
all subjects including science. It has to be 
diminished and more stress is to he laid on 
skills and attitudes which may be developed 
through Various disciplines. 

3. The instructional programme has to 
be democratic where students may be free 
to criticise the teacher, to agree or disagree 
with him. The classroom has to be the do¬ 
main of the child and not of the teacher. 
He has to remain in the background and 
appear on the scene only when needed. He 
has no longer to teach hut to help the 
child to LEARN. 

4. Opportunities have to be provided 
when children may discuss among them¬ 
selves and with the teacher. This is essential 
for their intellectual development. 

5. The children’s involvement is ge¬ 
nerally limited to answering questions. 
This IS not enough. The degree of involve¬ 
ment has to be increased according to 
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facilities available by bringing them directly 
in contact with the material 

6. More instructional material in the 
form of guide-books, teaching units, text¬ 
books, kits and other necessary equipment 
IS to be made available to teachers to im¬ 
prove the quality of their teaching. 

7. These programmes have specific 
indications for teacher education progra¬ 
mmes. These must emphasise process- 
skills instead of theoretical principles of 
pedagogy. The objectives of teacher¬ 
training programmes should be defined in 
terms of behaviour acquisition of the 
trainees. There should be less stress on 
what a teacher knows and more on what 
he can do. 

The teacher-education planners and ad¬ 
ministrators have to analyse what a good 
teacher means in terms of his skills and 
then chalk out the whole programme m 
such a way that these process-skills are 
acquired by the trainees. Evaluation pro¬ 
cedures have to be devised for this beha¬ 
viour acquisition. 

After the overall programme has been 
evolved, each subject teacher has to put 
such questions to himself. Why do I teach 
this subject? What is its relation to the 
total programmes ? 

What skills, intellectual and manual, are 
to be developed through my subject and its 
related activities? 

What teaching strategy should I adopt 
so that my students may learn the desired 
skills and develop desirable attitudes '> 

How can I evaluate the outcome of my 


gral part of the general education of the 
child as pointed out in the beginning. 
Literacy alone is not sufficient. Today our 
goal should be scientific literacy, 


Changing Role of 
Science Projects and 
Science Club 
Activities 

M.K. Gupta 

AND 

P.D Bhatnagar 


From 

A method of science teaching and an item of 
extra-curricular activities. 
YESTERDAY 

To 

The most important aspects of learning science, 
TODAY 

To 

A challenge and gateway for young people to 
participate m solving major problems oi the 
world of 1980’s and a means of developing 
international understanding, 

FOR TOMORROW 


teaching programme? 'J’HE project method of teaching is familiar to 

The teaching programme of any parti- almost all the Science teachers who have 
cular discipline should be developed m the undergone the teacher’s training. Thefami- 
light of the answer of these questions liarity is however restricted to a theoretical 

. 8. Oui educational programme should comparison of this method with others or 
be realistic, the objectives being modest. to a critical note about its advantages and 
9, Science education should be an inte- limitations, It is seldom a cqse, none perhaps 
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! {fer reported, where trainees tried pio- 
ject method during practice teaching or 
jfter taking position in the school Re- 
( (eatly though, there has been a wave of 
I interest in projects because of their being 
jn important item of the Science Talent 
Search Contest. 

Science club activities, their philosophy, 
scope and practice however have been a 
favourite set of topics in training colleges 
and some of them have received favour 
of being made compulsory during practice 
teaching and many find place in schools’ 
extra or co-curricular activities. 

Thanks to the interest of N.C.E.R.T. and 
the agencies at national level like National 
Science Foundation in the past few years 
which vitalised the interest in science clubs 
through grants for establishing science clubs, 

I arranging mobile science show and organis- 
; ing inservice training programme for science 
club sponsors at the Regional College of 
Education, Ajmer. 

The first phase of recent syUabiis renova¬ 
tion programme of Boatd of Secondary 
Education, Rajasthan in collaboration of a 
voluntary working group in chemistry at the 
Regional College of Education, Ajmer, has 
brought the science projects and club activi¬ 
ties to the foreground The mam spirit and 
objective of new syllabus is to develop sci- 
entiho attitudes. The emphasis has shifted 
from mere developing the understanding and 
capacity to apply the knowledge, to the deve¬ 
lopment of interest and appreciation leading 
to the scientific attitude. This emphasis 
spontaneously emerges from the impact of 
recent trends in science curriculum construc¬ 
tion abroad and in our specific context, 
conditions and horizons. The great need of 
bringing the spirit of enquiry and process 
of science in place of systematised body of 
knowledge, load of facts has been reflected 
hpth in the discipline centred curriculp, the 


discovery and the guided discovery approaches 
for science teaching (learning). 

The instructional material developed for 
the orientation programme for teacher and 
the implementation of the new syllabus has 
been designed to encourage the spirit of inquiry 
through independent thinking, locating pro¬ 
blems, investigations, handling data, suggest¬ 
ing hypothesis, etc. 

Projects have been suggested in almost aU 
the units and several demonstrations have been 
recommended to be presented in such away 
as to arouse curiosity and urge to find answers 
through investigations. 

In general the units are suggested to be in- 
troducted through observations and results 
of investigations undertaken by the students. 
Enthusiastic science teachers will observe 
that to adopt discovery on the guided dis¬ 
covery method to implement the new sy¬ 
llabus in its true spirit they have to invariably 
turn to careful planning of the activities 
of the science clubs. The handbook for 
chemistry teaching published by the Board 
of Secondary Education has suggested 
many activities, their planning and scheme 
of interrelating them with classroom work. 

An attempt is also being made to evolve 
such evaluation schemes where interest, appre¬ 
ciation and the ability to conduct scientific 
investigations wiUbe measured. Obviously, 
then the science club activities and the 
projects will be the potential sources to 
provide yardsticks for such measurement. 

The importance of these activities Las 
recently been recognised by the UNESCO and 
an International Conference was organised 
for the first time at New Delhi in December, 
1970, where youth orgnisations engaged 
m science club activities from Europe, 
Latin America, African and Asian coun¬ 
tries participated. The role of out-of-school 
scientific activities by young people has been 
considered in broader prospective of the 



246 


SCHOOL SCIENCE September 1971 


problems of the future that the 
present generation will be facing. It is 
proposed that through these activities oppor¬ 
tunity should be provided to the young 
generation to participate in tackling the 
problems like hunger and pollution at their 
own level. This would develop in¬ 
ternational understanding, spirit of coopera¬ 
tion, scientific way of tackling problems, 
anticipating the problems of future and 
preparing future civilizers of the world by 
learning the way to solve problems in scien¬ 
tific manner. 

It was resolved in the Council meeting 
of the International Coordination Committee 
(I.C.C.) for presentation of science and deve¬ 
lopment of out-of-school scientific activities 
held in December, 1970 that the pre¬ 
paration of scientific documents related 
to subjects under study serving as work¬ 
ing documents and organising youth seminars 
on the above subjects should be under¬ 
taken as early as possible and a final report 
sent to Btussells by June, 1971. The topics 
to be covered are suggested as under. 

(a) Nutritional aspects of hunger. Basic 
qualitative and quantitative nutri¬ 
tional requirements of human body 
under various conditions. 

(b) Available per capita food in dilf- 
erent parts of Asia. 

(c) Green revolution and new methods 
for increasing food production. 

(d) Substitute food materials. 

(e) Population explosion and hunger. 

(f) Basic questions and recommendations. 

It has further been decided that the Asia 
region should be involved primarily with 
the topic ‘Hunger’. 

It IS a pleasure to report that line of think¬ 


ing and the interesting chain of projects per¬ 
ceived year back and already tried out at the 
Regional College Centre are endorsed by the 
current thinking at the international level 
about developing the conciousncss towards 
the local problems and urge the young people 
to undertake projects to solve them For 
example the problem of wind erosion, fodder 
and others connected with the And Zone, 
Western Rajasthan were undertaken by the 
young scientists from 1967 onwards here. 

The basic problems located are; 

(1) Shortage and existing conservation 
of water resources, 

(2) Location of new conservation re¬ 
sources. 

(3) Wind erosion, movement of sand 
dunes. 

(4) Fuel scarcity, conventional wood 
or coke being in short supply due 
to decreasing forest resources and no 
natural petroleum or coal deposits 
in this area. 

(5) Fodder for cattle : acute shortage 
during summers. 

(6) Fertilizers and fertihty of land which 
IS mostly sandy. 

A chain of projects was conceived and most 
of them tried out on the following lines: 

(1) To investigate suitable wind mills 
to lift water for irrigation and to 
generate electricity for fuel and 
lighting. 

(2) To investigate economy in use of 
watei for fodder production, by 
trying hydroponic systemthat does not 
involve percolation and evaporation 
wastage m sandy sods and fast 
blowing winds in scorching sun, 
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Suitable varieties of fodder grasses, 
nutrient solution and, best conditions 
for fast growth of these grasses 
are investigated. 

(3) To investigate the use of cowdung 
for gas generation and utilisation 
of decomposed material as organic 
manure in conventional crop grow¬ 
ing and cultures and hydroponic 
system. 

(4) To study the sand dune movement 
and try out the methods suggested 
by the And Zone Research Institute, 
Zodhm and other agencies. 

(5) To study the methods to minimise 
the evaporation losses from water 
resources. 

The I.C.C. is also contemplating to 
publish an International Journal shortly 
in Collaboration with Unesco where good 
projects and activities under the above 
suggested areas wiU find place and wide 
publicity. 

A Regional Centre for these activities has 
been functioning informally under the leader¬ 
ship of Dr. A.N. Bose, Prof, and Head of 
Science Deptt. and sponsored by the Exten¬ 
sion Service Deptt. of the Regional College of 
Education, Ajmer for the last two years. It is 
proposed and hoped that this centre will he 
working as a branch of this international 
organisation in near future and provide 
more opportunities to the youth of this 
region An offer to undertake or assist in the 
above publication in all possible ways by this 
centre has been made informally during the 
recent conference in Delhi. A senes of 
publication ‘Activities of Science Club Spon¬ 
sors’ has already been published by this 
centre for the last two years and has received 
the attention and appreciation of several 
Asian countries, 


Science, Society and School 


Donald A, Cannan 

Pennsylvian Clearing House on 
Methodology in Elementary Science, 
State College, Bloomsburg, USA 


may be to you it appears to be a bit ridi¬ 
culous to combine the three Ss above 
when we all know that the traditional approach 
in education has been to combine the three 
Rs‘redin’ ‘ritin,’and‘rithmetic’ which are 
important, but so are science, society and 
still the school. 

Science can be found in almost every as¬ 
pect of our lives today, and it permeates our 
bodies, our minds and mass media sees to it 
that we don’t forget it. Yes, science is here 
with aU its intriguing ways to give us the 
food for life—hut what do we know about 
it ? 

Science comes to us from the past, in a 
sense it is a form of history. This history was 
accumulated knowledge that had been pains¬ 
takingly put down on paper so that the men 
and women who follow in the on com¬ 
ing generations can make use of the informa¬ 
tion, gam the good life from its findings, 
and use the informationto guide theirthoughts 
to the future. The knowledge was written 
in a systematic way so that aspects of science 
that logically belong together would remain 
together. To cut down on reading 
time (something even a speedy reader can 
appreciate) a form of scientific shorthand, 
the symbolic fromula, was developed. And, 
in the end, the knowledge ordered and 
made concise, was used to establish these 
principles, laws and truths. 
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Aslc anyone about the law of gravity and 
he wiU respond without batting an eyelash. 
Ask almost anyone to complete the state¬ 
ment “for every action there is and he 
Will please you, but perhaps, only after some 
thought. Ask a limited amount of people 
what “lox” refeis to, and you wiU be dis¬ 
appointed But, may be a few will remember 
that it refers to liquid oxygen used as fuel in 
our nation’s rockets. 

Aside from definitions, would you rate 
the society as a whole in their knowledge of 
science, its attitudes and ways of thinking, 
as “gifted”, “average” or “slow” in science so 
that they can keep up with the learning tak¬ 
ing place in our nation’s elementary and se¬ 
condary schools 

By learning, I do not mean “electronics,” 
“cybernetics,” or “oceanography.” I mean 
“general science” or, science in general. 
In the elementary schools, as you well know, 
many fields of science are discussed and in¬ 
vestigated. Here the discussion and investi¬ 
gations are characterized by breadth rather 
than depth. In the secondary schools, the 
depth becomes immediately apparent and the 
breadth decreases appreciably. 

This learning also encompasses what is 
generally referred to as the “scientific attitude 
scientific method” cloak. This cloth gar¬ 
ment is interwoven with problems, methods, 
observations, conclusions, checking and 
double-checking, and hypotheses tested and 
re-tested. The weave just described is reinfor¬ 
ced with the wood of responsible behaviour, 
honesty, the ability to substitute when mate¬ 
rials are not available, the desire to record 
what you see, and critical, yet open minds 
which adjust to the relativity of truth and new 
evidence. How can we disseminate this? 

Adult education can help many of out 
‘‘scientific slow learners” out of the rut of 
living one year’s experience with science and 
life for twenty, thirty, or more years. Scien¬ 


ce fairs can, if handled diplomatically, reach 
out and bring in many adults to leain what is 
new and what is here and now Parents can 
be invited in ever-increasing numbers mto 
our schools, and not just on P.T A night or 
during National Education Week. Some 
teachers with a flair for journalism might begin 
a weekly science column in a local newspaper 
to help keep parents (and teachers) up-to-date 
with recent developments The author runs 
“The Science Corner” in the Bloomsburg 
Press each week during the acadeimc year, 
and has received many enthusiastic comments 
from parents and teachers. If the teacher has 
the science knowledge but cannot express 
himself well in written form, an English 
teacher might be persuaded to co-author the 
column. 

In short, many different types of activities 
can be used to help society keep up-to-date with 
science, help them to better understand the 
scientific method and appreciate a scientific 
attitude, and help them to understand that 
even “scientific slow learners” can improve 
with time and effort. We, in education, have a 
responsibility to help keep society informed 
not just about the end results of science, the 
inventions, but to aid them in appreciating 
how science helps us learn and contribute to 
our lives. 

And finally, the problem of the well- 
informed citizen will take all of the cooperative 
efforts of teachers and a good local effort 
to improve society by lifting itself “by its 
own bootstraps.” All of the efforts expend¬ 
ed mthis direction will serve as indicators of 
the future in which we will find prepared citi¬ 
zens, citizens who recognize the survival 
value of knowing and understanding some 
science, and who wiU learn to use science for 
enjoyment and personal satisfaction with an 
appreciation for the untiring efforts and re¬ 
search which make everything and anything 
possible at almost any time. 




Moon-Rock Clues to 
Earth's Origin 


J'HE basalt-Jike rocks brought back from 
the moon by the ApoIlo-11 and Apolio-12 
astionauts differ chemically in important 
I respects from basalt found onthe earth, accord¬ 
ing to Dr. D.H. Green of the Australian 
National University’s Department of Geo¬ 
physics and Geochemistry. 

The moon basalts were found to be a soli¬ 
dified silicate melt of silicon, magnesium, iron, 
calcium, titanium, alutmmum, sodium, and 
potassium, The evidence suggests that the 
contents must have been subjected to 
temperatures of at least 1100°C before melt¬ 
ing and weffing up as molten lava from 
below to flow into depressions on the curst 
and solidify to form the lunar seas. 

By melting samples under a range of pre¬ 
ssures in the laboratory the National Umver- 
sity Geochemists have been able to make 
deductions about the moon’s interior. The 
moon basalts appear to have been formed 
from at least two different melting and vol¬ 
canic eras, some three-quarters of a biUion 
years apart. Apparently the mantle of the 
moon was producing molten rock for more 

By Courtesy : Australian Information Service. 


than a biUiou years after the earth was 
formed. 

The Canberra geochemists are now eagerly 
awaiting the rock samples from the lunar 
highlands collected by the Apollo-14 mission. 
Basalt-like rocks from the earlier Apollo 
missions were from 2'9 to 3 8 billion years 
old. They hope that the highland rocks will 
date back to some 4.5 billion years and thus 
provide clues to the birth of the earth, the 
moon, and even the entire solar system. 

Professor A.E. Ringwood has applied the 
results of the Apollo moon rock and related 
long-term research in the Department of 
Geophysics and Geochemistry to theories 
of the origin of the earth, the moon, and the 
solar system. A theory advanced by the 
National University team is gaming increas¬ 
ing support as the lunar geological project 
proceeds. Two groups in other parts of the 
world have developed a similar theory by 
using the same techniques as used by 
Professor Ringwood and his colleagues. 

According to this theory, the various pla¬ 
nets and other bodies in the solar system con¬ 
densed from a mixture of solid and gaseous 
material in space, about 4'5 billion years 
ago. Professor Ringwood believes that the 
moon itself was probably formed in the later 
stages of the accretion process from which 
the earth was formed. At that stage, he 
suggests, the nucleus of earth was surrounded 
by a wlrirling mass of particles and gases not 
unlike the present rings of Saturn. The 
particles coalesced and the earth’s ring gra¬ 
dually became a single solid body—^the moon. 

As it gained more particles and grew in 
size, the interior of the moon began to heat 
up as a result of the radioactive decay of 
certain elements. When temperatures rea¬ 
ched 1200°C to 1500°C the molten rocks 
erupted to the surface. 

It is possible that the lunar highlands are 
composed of original crust rocks that to^ 
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wered above the lava flows. The presence 
of occasional much older “strangers” among 
the rocks collected on the lunar seas raised 
hopes that they were detritus from primitive 
highland landscapes, These strange rocks 
were composed of potassium, raie earth ele¬ 
ments and phosphorus Their age has been 
assessed at about 4.5 billion years. 


Australian Nobel Prize Winner 
Warns about “Box of Sorrows” 

•pHE momentum of science and technology 
is having the same disastrous impact on 
the world as the intrusion of infectious 
disease, firearms and excessive use of alcohol 
into the Pacific around 1800. 

Science and technology in the past 50 
years has loosed a Pandora’s box of sorrows— 
the population explosion, the genocidal 
weapons, the plunder and pollution of the 
planet which seems to be inescapably asso¬ 
ciated with technological progress 

There is a growing sense of futility and 
despair that calls for drugs and mindless 
activities to counter it. 

After sounding this warning in Canberra 
recently, Australian Nobel Prize Winner, 
Sir Macfarlane Burnet said there is hope at 
the bottom of that Pandora’s box. 

Science and technology can fashion a sta¬ 
ble human ecosystem for earth as easily as 
man landed on the moon—given the necessary 
goodwill, energy and imagination on an in¬ 
ternational scale. 

“Only human nature will stop us,” he said. 
Sir Macfarlane gave his directions for the 
path of survival to the right audience, 1000 
scientists from more than40 countries attend¬ 


ing the 12th Pacific Science Congress between 
August 18-27. Sir Macfarlane delivered the 
presidential address. Two delegates from 
India were among about 140 delegates from 
Asia attending the conference. 

They had gathered to further the Paci¬ 
fic Science Association’s work of initiating 
and promoting cooperation in the study of 
scientific problems relating to the region. 
More particularly, the association is concern¬ 
ed With the prosperity and well-being of 
Pacific peoples and also the feeling of bro¬ 
therhood among the scientists of the Pacific 
countries. 

The Honolulu-based association is an in¬ 
ternational, non-governmental, regional 
organisation. 

The Australian Governor General, Sir 
Paul Hasluck, opened the Congress which 
was concentrating on environmental science 
and resource management, man in the Pacific, 
social and legal implications of envirnomental 
management, and Pacific geology and mineral 
resources. 

Sir Macfarlane Burnet retired m 1965 
after 42 years in the laboratory working on 
infectious diseases. Today he is clarifying 
his ideas on the field of infectious diseases 
and writing about human behaviour and 
aspirations from an almost exclusively 
biological point of view. 

He told delegates that it was not European 
civilisation as such that harmed the Pacific, 
but three lethal agents that over 2000 years 
Europe had learnt to live with, and these were: 

Infectious Diseases; In any community that 
can maintain adequate public health services, 
infectious diseases arising naturally will never 
significantly affect population totals. 

Deliberate or accidental manipulations in 
laboratories dealing with microbial genetics 
could be the only source from which new 
infectious diseases could come to disrupt 
life as they did m the Pacific. 


By Courtesy: Australian Information Seivica. 
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doubts wlietlier microbiological 
weapons for large scale war will ever be deve- 
jopcd, simply because of the practical difiS- 
culties of confining their action to the hostile 
population. 

Accident, however, can kill as effectively 
as malice. The study of the genetics of vir¬ 
uses potentially harmful for man will always 
be dangerous and should cease. 

Nuclear Weapons: Once the doomsday 
bombs ate loosed on a large scale, civilisa¬ 
tion IS probably doomed and the regeneration 
of the species may take far more than the 
100 years it took the Pacific to recover from 
the fatal impact of the Europeans. 

Alcohol and Drugs: Alcohol is responsi¬ 
ble for or at least associated with much phy¬ 
sical illness, a great deal of crime, including, 
m Australia at least, most murders and perhaps 
half the road deaths. 

“We have always found ways to keep al¬ 
cohol under some sort of control while, 
without often saying so, accepting its necessary 
role m softening the impact of too many 
people and their antagonisms on the average 
individual. Primitive races exposed to simi¬ 
lar pressure find alcohol even more neces¬ 
sary and sink more readily into degradation ” 

It is sinister that all over the world new 
addictions to synthetic or semi-synthetic drugs 
are developing and building degenerate sub- 
cultuies, in a fashion only too reminiscent 
impact of alcohol on the South Seas. 

“The whole world of the Pacific Islanders 
was shattered to pieces around 1800 by the 
intrusion of things unthinkably diffeient, to 
which their cultures could not adapt. The 
essence of my parable is that the momentum 
of science and technology is having the same 
disastrous impact now on the world as a 
whole.” 

More optimistically, Sir Macfarlane said, 
may be things are not as bad as they seem to 
an introspective biologist in 1971. 


2 si 

Just before the year 1000 A.D. men were 
equally certain that the end of the world was 
at hand, yet the world did not end. 

In fact within 50 years there was a resur¬ 
gence of the human spirit to end the Dark 
Ages m Europe. 

Perhaps the year 2000 will mark the end 
of another dark age and the beginning of 
that balanced global ecosystem that must 
eventually be built. 

Sir Macfarlane said that however unlikely 
it may seen, that can give us something worth 
working for, something that may keep us 
from lapsing too soon into an apathetic 
acceptance of our destruction. 


Replacing Missing Enzymes 


'THROUGHOUT the world thousands of 
people suffer from incurable diseases caused 
by genetic defects, faults in the DNA blue¬ 
print which Controls the structure of every 
single working part of the human body. A 
fault in any part of the DNA code leads to the 
repeated production of a faulty molecule 
just as an inaccurate blueprint used by 
engineers, if faithfully copied, would lead 
to the making of faulty machinery. 

In living things most of the defects which 
occur in DNA result in the product of faulty 
enzymes. Enzymes are the body’s chemical 
machine tools responsible for catalysing all 
the many thousands of Vital chemical pfocesses 
involved in life. A defect in just one enzyme 
can be the cause of a serious disease, and 
this kind of disease is nearly ialways incura¬ 
ble and can even prove fatal. 


Reprinted Speett um, 8Z, 1971. 
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Now two British doctors, George Gregor- 
ladis, and Brenda Ryinan, of the Royal Free 
Hospital in London, have developed a tech¬ 
nique which Within a year is likely to be 
used to cure some of these diseases. The basic 
principle which has already been very thoro¬ 
ughly tested in rats, though not yet in humans, 
is to obtain the correct version of the missing 
or defective enzyme from an animal, and 
then inject it into the patient’s body to make¬ 
up his or her deficiency. However, the 
practical application of this principle is not 
so straightforward 

What actually has to be done is to supply 
the missing enzyme in the form of millions 
of microscopic capsules, each consisting of 
a minute dose of the vital enzyme surrounded 
by a protective sheath. The enzyme, Gre- 
goriadis and Ryman have been working with, 
is one which helps the human body to store 
surplus sugar in the form of glycogen. It is 
called amyloglucosidasc and in normal people 
it is found in the liver where sugar carried 
there in the bloodstream from the disgestive 
system is converted by the enzyme into gly¬ 
cogen. Using rats, doctors have prepared a 
solution of amyloglucosidasc and have mix¬ 
ed this with another solution of the fatty com¬ 
pounds known as hpids. Through years of 
experiment, the researchers developed solu¬ 
tions which, when mixed together in this 
way, were automatically split up and formed 
tiny “micro-piUs”, each one consisting of 
a tiny dose of enzyme with a spherical coat 
of lipid automatically gathered round it. 
Injected into the bloodstream, these microcap¬ 
sules travel unharmed to the liver—unharmed 
because the lipid coating protects the enzy¬ 
mes inside and also, being a very simple com¬ 
pound, It is not recognised and attacked as 
foreign by the body’s defence system. Once 
in the liver, the protective coats are stripped 
off the microcapsules releasing the enzyme 


in sufficient quantities to repair any defi¬ 
ciency, at least temporarily. 

The success of the experiments on rats 
has been such that human trials are likely 
to begin well within the year, and there is no 
reason to suppose that the technique will 
pose any additional health hazards. The limi¬ 
tation to the techmque is, and wiU be, that 
the foreign enzymes have only a limited 
span of useful life in the human liver before 
they are destroyed by the liver cells themselves. 
This would mean that repeated injections 
would have to be given to a patient throughout 
his life. But the advantages provided by re¬ 
placing the missing enzyme—and there is no 
reason why the same technique could not be 
used for virtually any other enzyme which may 
be deficient—would make such treatment well 
worthwhile. 

The great advantages of this techmque he 
in the lipid coating on the microcapsules. 
Other laboratories working along s imilar 
lines have used artificial nylon coating, 
however, nylon tends to be recognised and 
rejected as foreign by the body 

This technique should not be confused with 
the much more distant and radical concept 
of curing genetic disease by genetic engi¬ 
neering. Many laboratories are working 
towards the correction of faults by replacing 
damaged and faulty genes by sound ones. 
Some biologists believe that eventually it will 
be possible to do this by attaching the right 
form of DNA to a virus and then infecting 
whichever part of the body needs it with the 
virus Unlike the technique developed by Dr. 
Gregoriadis, this genetic engineering would 
offer a oiice-and-for-all cure, but it is much 
further off than his technique, which he sees as 
filling the gap between today’s merely 
palliative treatment and the coming of 
genetic engineering. 
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New Catalyst may Solve Car 
Pollution Problem 

John F. Webb 


A DRAMATIC reduction ni the poisonous 
content of vehicle is promised by dis¬ 
coveries made by the giant Imperial Chemical 
Indiistiies (ICI) group. 

Incorporated into a new type of exhaust 
system, the two new catalysts that have been 
discovered, effectively are said to reduce by 
97 per cent The carbon monoxide emitted, 
while hydrocarbons are reduced by 98 per 
cent. More important still, the oxides of 
nitrogen discharged into the atmosphere 
ate out by 90 per cent. 

This means that a catalyst equipped car 
or lorry will meet through new anti- 
poUution standards set m the United States 
and other countries for 1975 and 1976. 

Vehicle makers are faced with increas¬ 
ingly tough controls on exhaust emissions 
as countries seek to cut pollution Until 
now, no catalysts have been successful in 
removing the most poisonous element of a 
vehicle’s exhaust. 

By Courtesy . British rnformation Sei vices. 


Because of this, manufacturers have been 
developing expensive mechanical systems 
that re-cycle the exhaust gases to control 
the amount of carbon monoxide and un¬ 
burned hydrocarbons that is discharged. 
Although such systems can cost up to £100, 
they all failed to remove the highly poison¬ 
ous oxides of nitrogen without impairing 
the vehicle engine’s performance and effi¬ 
ciency. 

By comparison, a simple control device 
using the above catalysts could be built into 
a vehicle silencer at an extra cost of some¬ 
thing like £30. With mass manufacture this 
could be reduced. 

A comparatively small and simple cata¬ 
lyst system has already been successfully 
tested in a Moms Marina saloon car More 
elaborate durability trials are now to begin 
with Manna saloons. 

These tests, which will take place over 
the next three months, wiU seek to estab¬ 
lish that the catalysts have a working life 
of at least 50,000 miles. They will also check 
ICI’s confident claim that the new catalysts 
Will not be harmed if an engine misfires 
and they are sprayed with unburned petrol. 
This has been a problem with earlier cata¬ 
lysts because the petrol causes the catalysts 
to overheat. 




V 


I. Curriculum Development 

Primary Science Project (UNICEF) 

'J’HISis a continuing project. Instructional 
materials and teaching aids for classes I 
to IV have already been prepared earlier and 
made available to the States for adaptation/ 
adoption, and translation into regional 
languages for use in the pilot project schools. 
The adopted and language versions of 
these boohs were prepared by the States 
of Gujarat, Maharashtra, Andhra Pradesh, 
Kerala, Jammu & Kashmir, Punjab and 
Mysore. They are being used in the ex¬ 
perimental schools in the respective States. 
The class V textbook has been mimeographed 
and sent to all the non-Hindi-speaking 
States for adaptation and translation for use 
in their project schools. The first draft 
of the Teachers’ Guide of class V textbook 
has also been prepared. 

Two pamphlets were developed for evalu¬ 
ating class III and class IV textbooks for 
Primary Science and these have been sent to 
the States. 


Study Groups 

This is also a continuing pioject. In the 
last phase of the project excepting the Con¬ 
veners’ Group in each subject all the other 
groups in Chemistry and Biology have been 
dissolved. The Conveners’ Groups in these 
two subjects are now finally pieparing them 
senior school materials ready for the press. 
The groups in Mathematics and Physics are 
coiitiniung and WiU complete their materials 
for the senior stage in another year’s time. 

Project on Improved Teaching of Science at 
Secondary Stage 

This is also a contmiung project which is 
receiving UNICEF assistance. Till last 
year all the materials for middle school 
stage had been completed and their first 
revision has also started. Now it is envi¬ 
saged to produce draft materials for the first 
two years of the high school stage. At 
present the material for first year alone is 
being prepared. 

n. Ancillary Curriculum Projects: Produc¬ 
tion of Filmstrips, Films and Kits 

The materials prepared under this project 
are related to the overall curriculum deve¬ 
lopment. A film on the ‘Teaching of 
Primary Science’ has been prepared for use 
in Teacher Traimng Programmes and 100 
copies of this film are beurg made both 
in English and Hindi for supply 
to the key institutions under the Umcef 
assisted pilot project Another film on 
‘Teacluiig of Physics’ is in progress. Pre¬ 
paratory work has also been started on deve¬ 
loping a script for another film on ‘Primory 
Science’ which would cover one of the 
major content areas included in the syllabus. 

Two sets of slides on “Primary Science 
Teaching” and “Teaching of Science” were 
prepared and sets of these have been sent 
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to about 100 teacher training institutions 
througbout the country. 

ni. Training Programmes 

The Department of Science Education 
continued to provide instructional materials 
and training for the key persons for the 
Uiiicef assisted pilot project on the impiove- 
nient of science teaching at the primaiy 
and middle school levels So far 15 States 
and two Union Territories have started 
implementing this project on a pilot scale 
in 50 primary and 30 middle schools each. 
The project is now in the second year 

Orientation Course for Key Personnel from 
Eastern States 

An Orientation Training Programme for 
the Key Personnel of the State Institutes of 
Science Education of the Eastern States was 
organized. Representatives from Assam, West 
Bengal and NEFA attended the course. The 
mam objective was to acquaint them With 
the content of the philosophy and the app¬ 
roach of the instructional materials develop¬ 
ed at the Department of Science Education 
for the teaching of science at the primary 
level and science as Physics, Chemistry and 
Biology at the middle level. Fourteen parti¬ 
cipants were acquainted with the use of 
the several kits. Four participants from 
the Delhi Corporation also joined the course. 

Maharashtra 

A ten day programme for teacher educa¬ 
tors at the State Institute of Science Educa¬ 
tion at Poona was organized. One officer 
acted as resource person at this institute. 

Haryana 

An Inservice Training Course for middle 
school teachers was organized by the State 
Institute of Science Education at Karnal. 


Two persons of the Department acted as 
resouice persons. 

One Week orientation programme for 
teacher educators in Science and Mathema¬ 
tics from the States of Punjab, Haryana and 
Himachal Pradesh was orgamzed to discuss 
their plan foi the new B.Ed. syllabus to be 
adopted by the Universities of the States. 
This tiamnig programme was organized in 
collaboration with Department of Teacher 
Education. And it was assisted by all sub¬ 
ject experts of the Department. 

Nagaland 

A 10-day workshop was orgamzed by the 
Government of Nagaland at Kohima in 
Apiil-May 1971 In this workshop the key 
personnel of the Department of Education 
in that State were trained to work for the 
pilot project. Shri S. Doraiswami and Shri 
K. J. Khui ana acted as resource persons at 
this workshop. 

Rajasthan 

A workshop of science teachers and 
training college lecturers was organized at 
Udaipui' winch was assisted by two resource 
persons fiom the Department, viz. Dr. 
B.D. Atreya and Shri S P. Sharma. 

Pondicherry 

A 10-day training programme for the 
science teachers of the Union Territory of 
Pondicherry was orgamzed in July 1971. Two 
officers of the Department, viz. Dr. B. D. 
Atreya and Shri K J. Khurana acted as 
resource persons. 

IV. Central Science Workshop 
Central Science Workshop continued to 
work both on the development of proto-types 
of science equipment as well as batch pro¬ 
duction of a number of kits for use under 
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the pilot project foi the improvement of sci¬ 
ence teaching. 

(i) Physics No HI for use in the 3rd year 
of the middle schools, 

(ii) Biology Demonstration Kit for middle 
school stage 

(ill) Chemistry Demonstration Kit for 
the middle school stage. 

(iv) Physics Pupils Kit No. I 

(v) Chemistry Pupils Kit for the middle 
school stage 

(vi) Ten sets of Study Kit based on 
materials developed by the Study 
Groups foi try out in three experimen¬ 
tal schools. 

(vii) Five proto-types of Mathematics 
Kits for Classes VI, VII and VIII. 

(viii) Drawings for Physics Study Kit No. 

II. 

Under the batch production following 
number of kits were taken up 

(i) Physics Demonstration Kit No 2 750 

(ii) Chemistry Demonstration 

Kit for middle schools .. .. 600 

(lii) Biology Demonstration Kit 

for nnddle schools . ., 600 

150 kits of each of the above have so far 

been supplied to the pilot schools of 5 States, 
viz. Rajasthan, Gujarat, Uttar Pradesh, 
Madhya Pradesh and Mysore. 

Above 1000 primary science kits out of 
1250 that were batch produced in the pre¬ 
vious year were supplied to the experimental 
schools at various stages under Unicef pilot 
project. 

The Central Science Workshop assisted 
the National Small Scale Industries Corpora¬ 
tion and the Unicef in finalizing the designs 
of the various kits for commercial exploi¬ 
tation. 


V. National Science Talent Search Scheme 

This IS a continuing programme. The 
examination for the current year was 
held on 3id January, 1971, at 330 centres. 
About 8000 took their test Ten interview 
boards were organized in May for interview¬ 
ing about 1000 candidates in different cities 
of the country. About 358 candidates were 
selected for award of scholarship of which 
about only 200 have joined the approved ins¬ 
titutions The total number of scholars recei¬ 
ving the NSTS scholarships at different 
levels now number over 1,200. 

Eighteen summer schools were organized 
during the month of May/June 1971 for the 
under-graduate scholars at different univer¬ 
sity centres About 700 awaidees partici¬ 
pated in these summer schools More than 
200 awardees of the post-graduate level 
worked on research progi amines in 25 la¬ 
boratories of advanced centres or m different 
university departments 

The scheme foi examination for 1972 has 
been advertised m all the leading newspapers 
throughout the country. Over 38000 applica¬ 
tion forms have been issued to institutions 
and individuals. 

VI. Summer Science Institutes Review 
Committee 

The task of organizing the summer ins¬ 
titute at school level has been transferred to 
the NCERT from the current year. Before 
undertaking this the Council set up a high 
power committee to review the impact of 
science institutes organized so far and to 
suggest ways and means for making them 
more effective and functional in future. 

The committee met at several places and 
they have now submitted their final report. 

It is intended to give a large measure of ad¬ 
ministration in organizing these institutes 
to the different State Directors of Education. 
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VII. Inter-dcpartmental Prograrauies: 

Seminar on Population Education 

Shri S. Doraiswanii was nominated from 
the Department of Science Education for 
participation in this seminar. 

Dr. M. C. Pant and Shn N. K. Sanyal 
assisted a preview session of the Cliemistiy 
filmstrips to scrutimse and review nine film¬ 
strips. The final script and foreword for the 
manuscript on ‘Portraits of Scientists’ was 
prepared in collaboration with the Depart¬ 
ment of Teaching Aids. 

Vni. visitors to the Department 

The following visitors came to the Depart¬ 


ment and the Central Science Workshop. 

1. Major T.S. Khera of Army Education 
Corps. 

2. Col. Deengar, Army Education Corps. 

3. Dr. Gareth Howeell from British 
Council. 

4. Dr. R.M. Drimmelan, Associate 
Expert on Educational Research, 
UNESCO Regional Office, Bangkok. 

5. Madam G. Masolova, former 
UNESCO Expert to the Department 
of Science Education. 

6. The awardees of National Teacher 
Awards, 1971. 




BIOLOGY TEACHERS HANDBOOK 
Second edition 
By Evelin KImkman 
Supervisor 

Wiley Eastein (P) Ltd., New Dollii 

'J’HE Biology Teachers Handbook 
was first published under the super¬ 
vision of Dr. Joseph J. Schwab in 1963 as 
part of the senes of books prepared 
under the Biological Sciences Curriculum 
Study Group in USA. This handbook for 
teachers was very widely used in India also, by 
the inservice trainees in the Summer Institutes 
Programme and they found this book very 
useful. The tasks undertaken in the pre¬ 
parations of the original book were four In 
Section I the character of the BSCS approach 
to biology was indicated In Section II a 
special kind of leaching material designed 
to serve one of the objectives of the BSCS— 
the teaching of biology as enquiry—^was pro¬ 


vided. This novel method which was in 
the form of discussion between the teachers 
and the students or teacher trainees was 
very useful in inculcating the spirit of enquiry 
in the teaching of biology subjects. In 
Section in the book provided the teacher 
with a knowledge of other subjects other than 
biology but necessary for the teaclung 
and learning of modern biology. 
Section IV and V provided information and 
materials that may be of assistance to the 
teacher in the day-to-day teaching of modern 
biology specially the BSCS materials 
The second edition was designed to make 
this hook more useful for teachers prepara¬ 
tion. In Section I besides a complete descrip¬ 
tion of the character of BSCS approach, 
descriptions of many types of materials 
that have been produced and revised by 
BSCS since the publication of the first edition 
have been given. Section II includes in 
the revised edition an index to the invitations 
which would facilitate their use. Section 
III has been expanded to include the terms 
of suggestions for teaching Biology and 
emphasizing the activities designed to assist 
teachers m developing enquiry approach to 
the teaching. Section IV which deals with 
background material has been leviewed and 
revised to bring the materials consistent with 
current knowledge m various fields. Section 
V consists of appendices which are useful to 
the teachers. In Appendix 1 are published 
certain lesearch papers in biology. These 
papers being available in one place is of great 
use for teachers of biology They get an 
opportunity to read these papers in one book, 
instead of hunting for them in various libra¬ 
ries. This IS a distinct advantage in India 
where the biology teachers in small towns 
will not have any library facilities. Appendix 
2 gives a selected bibliography for teachers. 
These bibliographies would be useful both 
for pre-service and for inservice training. 
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Laboratory facilities for BSCS Biology is des¬ 
cribed on page 623 'which gives designs for 
laboratory ■workrooms as well as details of 
equipment installation, etc Section IV is 
important as it deals with “techmques and 
materials for the biology learning.” This 
gives the formulae of solutions, leagcnts and 
the useful values of other instructions 
for the teacher, who is isolated in a place 
away from any university centre or other 
places from wheie he alone can get such 
information in this country. Section V deals 
with sources of films etc. and Section VI 
indicates career opportunities in the biolo¬ 
gical sciences. 

On the whole the second edition of the 
Biology Teachers Handbook would 
be a great asset in the library of our 
Key-Teacher Training Institutes hke State 
Institutes of Science Education, Training 
Colleges for Teachers and Training Schools 
for Teachers, and in all high schools where 
biology is taught in a modern way. The 
book wiU find a demand by wide field of 
biology educators. 

By bringing out the Wiley Eastern edition 
the cost has been lowered and it Would be 
witlnn the reach of the institutions mentioned 
above, particularly when we think of the price 
of the original edition which was |1 8.95 
much beyond the reach of our ordinary 
scliools in India By bringing out this low 
cost edition the Wiley Eastern (P) Ltd. has 
done a good service for Biology Education. 


BIRTH CONTROL 

By Garrett Hardin 

Society Senes, BSCS, Wiley Eastern (P) Ltd., 

New Delhi, 1970 

'The Biological Science Curriculum Study 
after preparing several materials for the 


different versions of the Biology courses are 
also bringing out several useful and impor¬ 
tant Supplementary Reading Materials which 
have a close lelatioiiship to many topics dealt 
with m their textbooks. There are some 
topics details of winch cannot be introduced 
m a regular modern textbook which is acti¬ 
vely oriented. One such topic is birth control. 
The book “Birth Control” by Garrett Hardin 
under the Science and Society Series and the 
editorship of BSCS is a good supple¬ 
mentary reading material on the topic. 

In India progranmies under Population 
Education and Fanuly Planning are receiv¬ 
ing great attention. Science has a big role 
to play on the problems of Population Educa¬ 
tion and what is taught under science will 
have a great impact on the students of the 
present day. In a recent conference of state 
level workers on Population Education it 
was stated that sex education or human re¬ 
production cannot be t aught in the classrooms 
in India in the same way as it is being done in 
the permissive society of western countries. 
What IS openly stated there would be objected 
to by the public and even the teachers under 
the Indian conditions So, human repro¬ 
duction has to be taught in a more subtle 
way, only giving facts of science. The same 
argument can be used in the case of the 
matter to be included in textbooks meant 
for Indian children. It is in this context 
that the utility of easily understandable non¬ 
technical supplementary materials becomes 
important. What cannot be taught 
openly in the classroom can be learned 
through these books which must be made 
available in the school libraries. Everyone 
IS agreed that a knowledge of human repro¬ 
duction and family planning including birth 
control IS necessary for every teenage pupil. 
“Birth Control” by Garrett Hardin gives 
good account of the subject. In about 142 
pages the author explores the myths, taboos, 
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attitudes and ethics of the subject. After 
a brief review of the pertinent aspects of the 
biology of sex, various techniques of birth 
control are presented along with their limita¬ 
tions, constraints and unknowns, The topic of 
abortion receives a more extended treatment. 

“Is Birth Control for me?” is a question 
that every responsible individual must an¬ 
swer for himself. But it is a question that 
should be answered only on the basis of 
knowledge of scientific facts of birth control 
and this includes understanding of the 
modern and psychological problems of birth 
control. This straightforward guide by a 
noted biologist offers both. 

Prof. Hardin believes that every child 
should be a wanted child, both for the sake 
of the parents and for the sake of the child. 
His principal aim is to help the reader to 
make up his own mind on the basis of sound 
information and hard thinking. 

The book would be a useful addition to 
any School Science Library. With books 
being prepared on modem lines including 
modern concepts, the arrival of this book 
is very timely It would help the person 
who writes textbooks to choose materials 
to be included under this subject, 

SYMBIOSIS: ORGANISMS LIVING 
together 

By Thomas C. Cheng 

Pegasus Topics in Biological Science, Biological 
Sciences CLirriculum Study, Wiley Eastern (P). Ltd,, 
New Delhi 1970 


to be a textbook or a comprehensive treatise 
oil the subject. It introduces the subject 
m a simple manner and includes some basic 
concepts and principles as related to symbi¬ 
osis with emphasis on endoparasitism. It 
provides selected data both observational 
and experimental which exemplifies these 
concepts and princqiles. The book is inten¬ 
ded for students of Biology as weU as layman 
interested in the subject. Consequently 
only a few technical terms are used and 
ample background information is 
provided 

Examples selected from the realm of human 
and economic parasitology have been includ¬ 
ed without emphasising the medical aspects 
of the discipline, 

A perusal of the contents shows that the 
book deals with types of symbiotic relation¬ 
ship, the origin of symbiosis, where they 
live and how they adapt, etc. It also deals ' 
extensively with symbiosis and human 
welfare. This chapter deals with protozoan 
parasites, some tremetodes and tapeworm, 
etc. By dealing with the subject in relation 
to human welfare it will also act as a 
good Supplementary Material on Health 
Education, This book would also be a very 
useful addition to any science library in 
the secondary schools. 


The “small monograph” is not intended 


S. Domiswami 



Search for a Syllabus for 
Elementary Physics 
Course 

Santimay Chatterjee, H.K. Basu, 
A.M. Giiose, Asok Sinha 

AND 

Bina Ghosh 

NCERT Physics Study Group, 
Institute of Nuclear Physics, 
Calcutta 


Introduction 

I T IS well known that the economic and 
cultural progress of a country depends 
largely on the development of its science 
and technology. Because of this strong 
interdependence teaching and research of 
the basic sciences constitute an essential 
pre-requisite of high priority in the deve¬ 
lopment plan of every country. -It 
is no Wonder, therefore, that most of 
the industrially developed as well as deve¬ 
loping countries are spending a sizable 
part of their national effort in improving 
the quality of science education. 


Objective 

What should be the objective of a well- 
planned science education policy ■? Obvious¬ 
ly, it must not only help people to 
adapt to their existing environment but 
it must be versatile and flexible enough 
to prepare them for the age of science 
in which social patterns are continuously 
and rapidly changing. This in turn 
connotes that the teaching process should 
aim at developing a ‘science attitude’, 
enabling the students to extrapolate their 
knowledge logically to meet the challenges 
of any exigency. Traditional science tea¬ 
ching, which is examination oriented and 
therefore gives more emphasis on memo¬ 
rising facts rather than on their analysis 
through experiments and observation, is, 
therefore, altogether unsatisfactory. New 
curricula, based on Well-planned syllabi 
satisfying this essential criterion of laying 
a premium on stimulating the spirit of 
discovery must therefore be formulated 
on national as well as local levels. We 
have studied the school syllabi in physics 
in use in different States of India in the 
light of analysis given above. 

Analysis of the Curricula Currently Followed 
in Indian Schools 

In this analysis the following aspects 
have been kept as guidelines. 

(a) Development of logical chain of 
the subject matter; 

(b) Emphasis on investigative approach 
rather than on “chalk and talk” 
approach; 

(c) Suitability of adoption under the 
existing Indian economic and 
social conditions; 

(d) Incorporation of the study of 
problems that the children come 
across in their daily experience; 
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(e) Illustration of the essential unity of 
the different disciplines of science 
through the application of physical 
principles to other sciences. 

It should he noted here that it is the 
usual practice to draiv up a skeleton 
syllabus unaccompanied by notes indicating 
their underlying philosophy. This practice 
leads to the publication of books of widely 
varying standards including cheap ‘note¬ 
books’ which cover the syllabus in a 
literal sense and do not reflect in any 
way the basic motivation Which led to 
the formulation of the syllabus. A much 
better practice would be to publish the 
syllabus along with textbooks, workbooks 
and teacher-giudes etc. which will act as 
standards for prospective authors. 

In the primary stage, in our opimon, 
the first few lessons should be devoted to 
the measurement of length. After all, 
measurement of length is the basis of most 
of the processes to be developed later in 
physics A scale is a simple but effective 
instrument which will retain its utility 
tliroughout the life of the pupil both 
inside and outside the laboratory. 
Since wooden or plastic scales can be 
mass produced at a very low cost, even 
in an economically handicapped countiy 
like ours, it is possible for every single 
student to possess his own scale Fuitlier, 
measurement is an activity which requires 
doing something and at this young age, 
‘doing something’ is more interesting than 
‘being shown’ something Hence from 
every point of view, it is desirable 
that the study of physics should begin 
with the study of length followed m 
logical succession by those of area and 
volume Unfortunately, this procedure 
has not been adopted by many of the 
States. No explicit mention of the mea¬ 
surement of length has been made in the 


syUabi of Andhra Piadesh, Assam, Bihar, 
Gujarat, Kerala, Tamil Nadu, Mysore, 
Tripura and West Bengal. The syllabus of 
Maharashtra takes it up at the end of the 
fourth year (Class VUI) of science education. 
In Madhya Pradesh the subject is taken 
up at the end ofthefiist year (Class VI). 
In Rajasthan it is discussed in the second 
year (Class VI). In Orissa alone, the 
study of physics begins with the measure¬ 
ment of length. Ill Uttar Pradesh the 
measurement of volume is taken up in 
the earlier part of the syllabus, but those 
of the length and area are not mentioned 
at all. In all these syllabi, there is no 
indication of the activities to be performed 
by the students themselves. In the ab¬ 
sence of standard textbooks of the type 
mentioned above, it is apprehended that 
no importance will bo attached to direct 
participation of the students in the study 
of the subject. 

It is felt that once the basic process 
of the measurement of length has been 
explained, the students would be ripe 
enough to grasp the idea of a graph. In 
actual pilot-scale field experiments carried 
out in Calcutta, this expectation has been 
borne out. Again, supply of graph papers 
to individual students costs little and is 
feasible from the economic point of view. 

The next logical step is obviously to 
develop the idea of measuring time. Only 
in the syllabus of Maharashtra, there is 
mention of this topic. Since stop-clocks and 
stop-watches are rather costly, the 
hesitation for the intioduction of time 
measurement in elementary schools is 
understandable. However, the measure¬ 
ment of time is a ‘must’ in any really useful 
course in physics and alternative approaches 
through the use of hour glass, water clock, 
simple pendulum, model escapement wheel 
and, other devices should be tried. 
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The concepts of speed, velocity and 
acceleiation should follow by associating 
the concept of length With that of time 
This development has to be earned out 
through numerous examples from everyday 
life, through classroom demonstrations 
and principally through experiments to 
be carried out by the students themselves. 
In none of the State syllabi these topics 
have been considered. As a result, these 
fundamental dynamical concepts are 
imparted to the students only as mathe¬ 
matical exercises in the ‘mechanics’ course 
at the secondary stage in many States. 
Students taking these courses, therefore, 
do not experience the physics behind these 
fundamental concepts. 

In the development of the logical chain 
under consideration the next links in 
order are force, weight, gravity and mass. 

Once these concepts are mastered, the 
students will be in a position to study 
different physical phenomena. We find 
that most syllabi have neglected the 
development of this solid foundation 
upon which the whole superstructure of 
physics can be built securely. Special 
attention should be given to the concept 
of mass. In most textbooks mass is 
treated as the quantity of matter contained 
m a body. This definition serves no useful 
purpose since matter IS defined as something 
possessing mass. Moreover, living as 
We are in the age of relativity, the concept 
thus introduced will cause needless con¬ 
fusion later. A better way of defining 
mass will be in terms of resistance offered 
to changes in the state of motion. In 
none of the State syllabi, this approach 
has been indicated. 

Since the time at the disposal of the 
students is severely limited, all extraneous 
matter should be removed as far as 
possible. It appears that the formulators 


of the State syllabi are almost always 
fond of introducing physics through 
hydrostatics and its various ramiBcatioiis 
rather than through mechanical concepts. 
We do not think that this roundabout 
approach is at all necessary and our 
experience with children indicates that 
they are universally fond of studying 
moving things. It is only necessary to 
mould this natural bent of mind, by means 
of experiments of very simple types, to 
enable them grasp the basic mechanical 
foundation of physics as noted above. 
Knowledge of a student m mechanics 
should be supplemented further by the 
ideas on particle structure of matter. 
Living as we are in the atomic age, many 
of his queries and questions will remain 
unanswered unless he is familiar with 
simpler ideas on the constitution of matter. 
‘Molecule’, ‘atom’, ‘nucleus’, ‘isotope’, 
‘electron’, are becoming familiar terms m 
daily lives, and their explanation to 
students will undoubtedly make the concepts 
less mystic. Once a student is at home m 
mechanics, his mind will be ready and 
flexible enough to accept the ideas of 
particle structure if help is taken of WeU- 
thought models. In syllabi of some of 
the States like Andhra Pradesh, Assam, 
Maharashtra, Madhya Pradesh, TamilNadu, 
Rajasthan and Uttar Pradesh, matter 
and its three states have been mentioned 
but none of them has mentioned anything 
about the constitution of matter. 

Another topic which a student is ex¬ 
pected to know at this stage is ‘Energy’. 
Most of the students have seen uses 
and application of various forms of energy 
in and outside home. Disjointed referen¬ 
ces to heat, light, electricity, sound, mag¬ 
netism etc. are to be found in the syllabi 
of most of the States, without stressing 
their essential unity through the concept 
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of energy. The physics curricailuin are of the antiquated conventional type 
prepared by the Assam Stale only has unsmted to teaching science along modern 
attempted to explain ‘energy’ m a logical lines”. The National Council of Educa- 
manner and in it there are references to tional Research and Training presented a 


the kinetic and potential forms of mecha¬ 
nical energy. It is strongly felt that 
stress should be laid on the unification 
of concepts at an early stage giving a 
wholesome and compact view of physics. 

Efforts made by NCERT 

The above analysis show's that the 
different syllabi noW followed in the 
different States do not convey to the 
students the basic fundamental principles 
of physics iii a logical manner. This 
deplorable condition of school science 
education in onr country has been a 
cause of headache to the Government 
of India. The National Council of 
Educational Research and Training in 
collaboration with the University Grants 
Commission convened a conference of top- 
ranking educationists of our country inDelhi 
in April, 1966 under the Chairmanship of 
Di. D.S. Kothari, Chairman, Umversity 
Grants Commission. A report on the 
present position of science and mathema¬ 
tics in our school curriculum was submit¬ 
ted by the National Council of Educa¬ 
tional Research and Training before the 
conference. In the report the Council 
said “The curriculum is for the most 
part out-dated and does not include modern 
concepts and understandings of science. 
No organic relationship exists in the 
teaching of biological sciences, physical 
sciences and mathematics : each falls 
into a separate compartment. The text¬ 
books used are of poor quality and 
teachers are not provided with manuals, 
guides and other instructional materials. 
Laboratory apparatus and equipments 


draft plan before the conference. The 
plan was discussed and the conference 
arrived at the following conclusions : 

(i) Improvement in the total standard 
of science and mathematics is a continuous 
process that demands three integrated steps 
and the piocess must begin necessarily at 
school level. It should be developed as 
follows : 

(a) Development of the curriculum that 
includes modern concepts and 
understandings of the subject-fields 
and a rigorous analytical study of 
fundamentals. 

(b) Preparation of textbooks based 
on the new curriculum, teachers 
guides/manuals and other instructional 
materials, experimental kits and 
xmprovised appaiatus. 

(c) Training teachers and equipping 
them with the necessary competence 
to introduce tiie curriculum in the 
classroom. 

(ii) The preparation of teachers and 
curricular materials is a cooperative 
effort in which university professors 
and first-rate scientists must work closely 
With science teachers in schools. A stage 
has come for India when our university 
professors and school teachers must meet 
at professional level for the interchange 
of experience and knowledge. University 
professors and professional scientists must 
understand the problems of school teachers 
and help in improving the standard 
and quality of science education. For tins 
purpose, a number of study groups 
should be set up immediately at selected uni¬ 
versities and other institutions of higher 
learning. A long term programme for the 
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above must be formulated and imple¬ 
mented in close cooperation with the 
State Govenmients. In the formulation 
and implementation of the programme, 
university professors and professional 
scientists must play a leading role and 
offer their services to the National Council 
of Educational Research and Training, 
State Governments and other educational 
authorities. 

(lii) The curricular materials produced 
by the study groups should be co-ordinated 
and integrated into a model curriculum 
for science and mathematics by the Depart¬ 
ment of Science Education of National 
Council of Educational Research and 
Training and made available for application 
on a national scale. 

(iv) Science and mathematics should 
be taught particularly at the middle and 
liigh/higher secondary school stages not 
as general science, but as Physics, 
Chemistry, Biology and Mathematics as 
individual subjects and at the same time, 
the organic relationship between these 
branches and the unity of science must 
be emphasised. 

Physics Study Groups Sponsored by NCERT 

Calcutta Study Group: Pursuant to these 
resolutions study groups have been set up by 
NCERT in collaboration with Universities 
and Institutions of higher learning to 
develop curricular materials in four basic 
branches of science, viz. Physics, Chemis¬ 
try, Biology and Mathematics. In Physics, 
three study groups were initially established 
at (i) the Saha Institute of Nuclear 
Physics, Calcutta, (ii) the National 
Physical Laboratory, Delhi and (lii) the 
Physics Department of the University of 
Rajasthan, Jaipur. Two more new groups 
are now working at (i) Doon School, 


Dehra Dun and (li) the Physics Department 
of the University of Nagpur. The view 
points of the Physics Study Group, Cal¬ 
cutta are presented here. The following 
points were taken into consideration in 
foiinulating the curriculum. 

(i) Although We believe in investigative 
type of approach to science, under the 
conditions prevalent in this country, it is 
not possible to do away with the text¬ 
books altogether. It has therefore been 
decided to ignore the approach typified 
by Nuffield Project. The course should be 
meant for all types of students irrespective 
of their background : economic, social or 
intellectual. 

(ii) It IS also to be noted m this 
connection that the teachers on whom the 
responsibility of imparting these courses 
ultimately rests have also varied background 
and the present average level of their 
adaptability and ingenuity required to try 
out anytlung new is not qidte satisfactory 
due to various reasons. The course should 
thus be as independent as possible of the 
teacher and lay more stress on the activities 
of the students themselves. 

(ill) Formal teaching of science without 
corresponding development of scientific 
attitude will not allow us to attain the 
basic objective of the course. In our 
country, the majority of the students do 
not continue their school education beyond 
a limited stage and it is felt that the 
aim of any elementary science course should 
be to develop scientific spirit which WiU 
enable the students to tackle their problems 
on their own. For this reason, mere 
cataloguing of amass of scientific data is 
not only useless, but is actually detrimental 
to the development of science in this 
country. 

(iv) The course should be such as to benefit 
not only those students Who will choose 
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science as their career but also provide 
a solid, scientific background for students 
undertaking non-science courses. 

(v) In a scientifically and technologically 
oriented society, very often important deci¬ 
sions involving scientific and technological 
points have to be taken by administrators, 
politicians and economists The science 
courses should therefore be so designed that 
they can impart a scientific make-up of mind 
to help removing aversion towards science 
which IS curiently riddling our society. 

(vi) In view of the points (i) and 
(ii), it is felt that whatever be the details 
of the curriculum, the Nuffield type of 
approach, i e. teaching a course without a 
textbook IS absolutely impracticable under 
the present Indian conditions. The 
teaching material must be based on a text¬ 
book which should be self-explanatory for 
the students so that if for any reason 
a student is absent for a few lessons, he has 
an opportunity to make up the arrears by 
himself. It should be the aim of the course 
to teach physical principles by actual 
experiments in which students should 
actively participate and attempts should be 
made to develop experiments which should 
he cheap, can be fabricated even in a 
village smithy using locally available 
materials. Any material or tool desciibed 
in the textbook which is not easily 
available, should he provided to eveiy 
school in the form of a kit A teacher’s 
guide containing detailed information 
about the topics in the textbook and 
describing the actual modus opemndi to be 
followed in teaching the course to a class, 
should complete the basic cuiriculai material. 
Supplementary readers meant to nourish, 
develop and strengthen the budding scientific 
spirit in young children following the 
course should also form an integral part 
of t;he curriculum. 


Procedure Adopted in Writing the Teaching 
Material 

It IS estimated that on an average 90 
periods, each of one and a half hour dura¬ 
tion, Will be available for the physics 
courses every year during the first three years 
of primary science education. The lessons 
for the model textbook prepared by the 
NCERT Physics Study Group, Calcutta 
are based on this estimate of 
teaching tune Many of the lessons 
prepared have been tried in the local 
schools from teaching point of view and 
the results of these experiments have 
been fed back to modify the lessons 
accordingly. All the experiments suggested 
for demonstration by the teachers have 
been designed, fabricated and tested. Some 
of the teaching material developed has 
already been published. The syllabus 
for 10+ age group boys is given m 
Appendix 1. 

In writing the textbooks satisfying the 
criteria discussed above, it is necessary 
to adhere to certain basic working 
principles which will be discussed now. 
Firstly, direct narration should be used 
as far as practicable This will serve to 
generate within the students a feeling 
of self-involvement in the teaching 
process. In contrast to indirect narration 
which IS impersonal and therefore more 
distant, direct narration immediately 
brings the students close to the subject 
matter. The importance of this simple 
but effective psychological trick has been 
recognised by many educators and psy¬ 
chologists. Secondly, in selecting 
examples and illustrations every effort 
should be made to take them from every¬ 
day life and environment, which is common 
especially for students coming from loW 
income groups. This serves the two- 
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fold purpose of making the principles 
involved familiar in terms of experiences 
already gained by the students and at the 
same time developing logic which gradu¬ 
ally explains the phenomena experienced 
by the students. Thirdly, it is absolutely 
necessary to avoid detailed descriptions 
and narrations which are not vital to 
the development of any fundamental 
physical concept. We have emphasised 
above that the real aim of every elemen¬ 
tary science education programme should 
be the development of scientific spirit 
Unnecessary loading of memory of the 
childien merely serves to generate re¬ 
pugnance rather than atti action towards 
science in all but a few exceptional cases. 
Fourthly, the use of every technical term 
should be preceded by its precise ex¬ 
planation. Although it IS an obvious 
rule to be followed almost Without ex¬ 
ception in every discipline, it is also one 
of the most oft-violated rules resulting 
from the fact that the writer cannot, in all 
cases, identify himself with the students. 
Fifthly, unnecessarily complicated examples, 
unusual types of instruments etc. should 
not be used. Lastly, in developing every 
major new concept, attempt should bo 
made to keep the pace of development 
as slow as is practicable. Wherever 
possible the students should be led gradu¬ 
ally towards the concept through numerous 
examples and experiments. It must, of 
course, he acknowledged here that it. 
may not be possible to follow the rules 
laid down above completely in all cases 
due to certain circumstances like 
considerations of limited amount of space 
and time in which the course has to be 
completed and so on. But as a set of 
general working rules guiding the develop¬ 
ment of textbooks, we think that these 
are adequate. 


A comprehensive list of the various 
projects devoted to the development of 
curricular material in Physics and other 
branches of science has been compiled 
by J.D. Lockard, 

Conclusion 

The proposed syllabus has not been 
tried on a full scale. The model text¬ 
book prepared may thus have many 
loopholes. The suitability of any teaching 
material can only be tested by extensive 
field experiments. However, no text¬ 
book can be declared as final or ideal. 
It has to be revised periodically on the 
basis of experience gathered by the teachers 
while teaching the course. Although the 
text material is written m English it is 
proposed that the actual teaching would 
be done in regional languages. The stu¬ 
dents should be provided with the 
vernacular version of the book. 

We want to record our thanks to 
Prof. B D. Nagehaudhuri Who initiated 
the project and participated during the 
first part. Our thanks are also due to 
Professor D.N. Kundu, Director, Saha 
Institute of Nuclear Physics for providing 
facilities. We are also grateful to the 
authorities of Mitra Institution (Mam), 
Calcutta and Jodhpur Park Boys’ School, 
Calcutta for helping us to try out the 
lessons. 


APPENDIX I 

Mode! Syllabus for 10'*'Agc Group Students 

First Year (Age Group 10+) 

Chapter I : Measurement of length; what 
is meant by measurement ; necessity for a 
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standaid unit of length ; use of a scale , 
errors in measurement ; measurement of 
kngth along a curve ; ineasuremeut of laige 
distances , idea of graph ; scaling 
Chapter II • Measurement of aiea; what 
IS meant by aiea; measurement of an area 
of a rectangular (or square) figure ; use 
of graph in measuring area; area of a 

glue 0 ler than the rectangular or 
square figure 

Chapter III ; Measurement of volume; 
what IS meant by volume ; how does the 
volume of a vessel or of a regular solid 
depend upon its dimensions ; use of 
neasunug jar m the measurement of 

Chapter IV ; Time-interval and its 
measurement; what do you mean by time- 

o?w-T measurement 

water .^loek; 

fo^^?^he!^i 1 ^°""® by a 

kinetic nu7 • muscular pull; 

Snal V bands 

forces force ; magnetic and electric 

Chapter VH: Weight and mass; what is 

meant by weight ; mass of a bodv md 
bow does It differ from its wLm 
measurement of mass; spiing balance - 

connecting „„es „f “<1 

conductor andinsnlatos: of a dr™.; 

tattng effect of eto .0 current , XT!; 


chemical effect ot 


Current on magnet 
current. 

Chapter IX : Structure of matter wl f ■ 
matter, classification of nmtter mt’o solki“ 
liquids and gases; particle nature of mater 
size of a molecule , what is an atol 


appendix II 

Portion of Physics from General «!.! 
of^nron. s,.., 

I- ANDHRA PRADESH 

Class VI 

1. Air ‘Air pressure. 

2. Water-Water supply 

Class VII 

1 Heat-sources of heat ■ fuels effort 

toXX" ‘”""8'= “f’"-“ 

toe. ThXxrisLX^x 

““tometc, Rod”? 

tion, conductiou and convection. 

aiiimils‘^t~? to plants and 

animds. Sources of light, ivorlcing of 

W tP 7 incandescent gas 

lamp (Petroraax), electric hght Prona 
e»ton of l,gM. Shadows (ccltpacs). 


Class VIII 


1- Force, gravity, centre of gravity 

orSn^r'?i°^ blilanci; 

mss anfi between 

nr«Ti. -1 ^ J''®^Sht) ; Magnets and their 
P 1 les. Earth as a magnet, Mariner’s 
ompass. Frictional electricity, attrac- 

■uid lini T* induction, lightning 

and lightning conductors. 
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2, Light—refraction of light. Slab, 
Prism spectrum colours, Lens (convex 
and concave) . Magnifying glass 

II. ASSAM 

Class VII 

1. Matter and its three states. 

2. Physical properties of water and 
air. Buoyancy and principle of Archi¬ 
medes—Pressure of Atmosphere. 

3. Effect of heat on water—evapora¬ 

tion and condensation. Effect of heat 
on air—ventilation. Effect of heat on 
solids—pendulum, clocks—compensated 

pendulum, thermometer. 

4. Transference of heat—conduction, 
convection and radiation—theimoflask. 

5. Energy and its transformation- 
mechanical energy, kinetic energy, heat 
energy, sound energy, light energy, magne¬ 
tic energy, electrical energy, chemical 
energy and tidal power. 

Class VIII 

1, Light—rectilinear propagation of 
light—reflection and refraction of light, 
colour, spectrum, rainbow, mirage. 

2. Magnetism—Load stone—artificial 
magnet—magnetisation—induced magnetism 
—bar magnet—magnetic poles—terrestrial 
magnetism—^compass. 

III. BIHAR 

Class VI 

1. Air—^its main constituents. Natural 
agents for purifying air. 

2. Water—water vapour in nature, 
fog, mist, cloud. 

3. Drawing of Water from wells, 
advantages of the pulley system. 


4. Magnet. 

5. The moon and the earth. Deter¬ 
mination of time during night and day 
by watching stars and the sun. 

6. Description of one’s own image in 
a plane mirror and the laws of reflection, 
light travels in a straight line. Observa¬ 
tion of refraction of light—appearance 
of a straight stick in water in different 
positions, observation of lainbcW 

7. Working of a common balance and a 
spring balance and their comparative uses. 

8. Liquid seeks its owns level. 

Class Vn 

1. The water supply in towns and 
villages. 

2. Thermometers and their uses 

3. The sources of heat—sun rays, fuel, 
chemical action and fiiction; measure¬ 
ment of heat—body temperature and 
clinical thermometer, how iion rims on 
bullock cart wheels are mounted ; ex¬ 
pansion and contraction of solids, liquids 
and gases by simple everyday examples. 

IV. MAHARASHTRA 

Class V 

1. Air—^existence of air ; it occupies 
space ; it has weight. Air in motion- 
winds and stoims. 

2. Water—sources of water ; water 
cycle—a few more details regarding vapour, 
clouds and rain. 

3. The sky—the sun, the moon, the pole 
star. General idea of the relative distances 
between the earth, the sun and the moon. 

Class VI 

1. Air—temperature of air, water and 
human body. HoW temperature is mea¬ 
sured in Falirenheit and Centigrade scales. 
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Pressure of an’. Demonstration by common 
examples and experiments. Moisture in 
tlie air—how it is detected. Weather- 
weather signs and weather reports 

2 Water—properties of water—water 
finds its own level. Three states of water- 
ice, water and steam, impoitant charac¬ 
teristics of these , clouds, fog, dew and 
lam. 

3. The sky—the moon and phases of 
the moon Solar system—stories about 
the discovery of motion of earth round 
the sun—Copernicus and Galileo. Re¬ 
lative sizes and distances of the planets. 

Class VII 

1 Air—putting air to Work—wind 
mill, common pump and football injiator. 

2. Water—^moisture m air, effect 
of water vapour on climate. 

3. Simple mechanics—lever and its 
application ; physical balance and its 
use , Weighing by a physical balance. 
Indian and other weights. 

4. Friction—its use and handicaps 

5. Fiictional electricity—simple ex¬ 
periments to show two lands of electrical 
charges, gold leaf electroscopes, conduc¬ 
tors and insulators. 

6. Matter—three stales of matter— 
solid, liquid and gas. General properties 
and their uses. Change of state. 

7. The sky—the sun as a source of 
energy Study of three bright stars. 

8. Light rays—their properties , plane 
mirrors. 

Class VIII 

1 Air—historical stories of airships 
and balloons. Use of hydrogen and 
helium How kites, aeroplanes fly? Use 
of aeroplanes in tiansport Atmospheric 
pressure—idea of vacuum and partial 


vacuum, use of vacuum cleaners. Atmosphere 
at different heights, on mountains and in 
the mines. 

2. Density and its determinatioii-< 
specific gravity and its determination by 
sp. gr. bottle—sp gr. of liquids by 
U-tube and Hare’s apparatus. 

3. Natural and artificial magnets— 
poles and their action. Magnetisation 
by single touch 

4 Rectilinear propagation of light, 
shadows and eclipses. Reflection and its 
Jaws. Formation of image by plane mirrors. 

5. Two kinds of electricity and their 
actions. Equal but oppositic production 
of electricity by friction. 

6. Power—general idea of sources of 
power—sun, wind, water, oil, steam and 
electricity. Steam engine, water-turbme, 
motor car engine, electric motor—general 
idea of Working. 

7. Friction—change on the outer 
surface, leakage of electricity from point— 
liglitning conductors. 

8. Simple machines—pulley, wheel and 
axle, screw—uses in life. 

9. The sky—the milky way, meteors 
and comets ; stones about great astro¬ 
nomers. Use of telescope. 

10. Measurements—length, mass, time 
and their basic units Area of lectangle, 
triangle and circle Volume, use of measur¬ 
ing jar, burette, pipette. 

V. DELHI ADMINISTRATION 

Class V 

1. Principal constellations in the sky. 
To recognise some principal constellations 
in the sky. The Great Bear (Saptarshi). 

2. Sources and effects of heat—ex¬ 
pansion, contraction—change of states 
Use of theimometers, clinical therinometer. 
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VI. GUJARAT Class VIII 


Class V 

1. Senses—the eye—its comparison 

With a simple camera ; images and lens 

2. Study of the sky—the Pole star 
and other stars, planets and the milky 
way. 

Class VI 

1. Water—how ram is caused Eva¬ 
poration and clouds and rain. 

2. Movement—muscles and how they 
work. Balance and the centre of gravity. 
How the balance is maintained while 
cUmbing up or coming down steep lulls. 
Inclined plane ; mountain roads , levers 
in everyday expoiience. Hands and 
feet as levers. Levers reduce exertion. 
Difference between carrying things on 
the head, the back and by pushing or 
pulling. 

3 Senses—why we see colour in 
things in light only ; effect of colours 
on surroundings. Protective colouration 
on annuals, the structuie of the ear. 
Sound—how produced Echo 

4, Study of the sky—planets and plane¬ 
tary system. The solar and lunar eclipses. 

Class VII 

1. Air—cycle pump and syringes Air 
pressure. Air compression. 

2. Movement—^use of wheels—^increase 
or decrease of speed and reduction in 
exertion. Water wheel ; charkha wheel ; 
potter’s wheel and wheel of the sewing 
machine, etc. Chain in a cycle, gearing. 
Friction and lubricants. 

3. Study of the sky—the solar and 
lunar system of the calendar, interca¬ 
lary month. 


1. Effects of reduced pressure on bre¬ 
athing; atmospheric pressure, its measure¬ 
ment; simple barometer—its construction 
and uses; measurement of altitude. 

2. How light travels; pin-hole camera; 
rectilinear propagation of light; principles 
of reflection, multiple image and mirror 
inclined at 90° and 72°; kaleidoscope; 
simple mirror periscope. 

3. How heat travels, conduction, con¬ 
vection, radiation; everyday application of 
the principles of transference, thermoflask; 
Davy’s safety lamp; polished surfaces, 
expansion of solids, liquids and gases when 
heated, piactical applications. 

4. Magnet as an aid to navigation; 
fixing directions; natural and artificial 
magnets; lines of force; magnetic poles; 
Jaws of attraction and repulsion. 

VII. KERALA 

Class V 

1. Water and air pressure—buoyancy, 
upward thrust. Water finds its level: pressure 
m two limbs of a U-tubc, town watei supply. 
Air pressure; ink uses in ink filler, measure¬ 
ment of air pressure—barometer. 

2. Heavy bodies—the solar system; 
recognition of Venus; stars and constel¬ 
lations; Pole star, the Great Bear, the south¬ 
ern cross; planets and stars; stars are 
luminous and twinkling; planets do not 
twinkle. 

Class VI 

1. Heat—expansion of solids due to 
heat; expansion of liquids due to heat- 
thermometers; expansion of gases due to 
heat, change of slate, conduction; convec¬ 
tion ; radiation; the thermoflask. 
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Class VII 

1. Light—light travels in straight 
lines; shadow; pin-hole camera. Images 
in a plane mirror, lateral inversion. Con¬ 
vex lens as magnifying glass, instruments 
using lenses mentioning camera, eye, micro¬ 
scope, telescope, jirojector, binoculars. Rain¬ 
bow, dispersion of light tlu’ough a prism, 
story of Newton. 

2. Magnetism and electricity —attrac¬ 
tion of iron filings; poles of a magnet; 
repulsion and attraction between magnetic 
poles, directive properties of magnets, 
magnetic needles, mariner’s compass. 

The dry cell—lightning effect of electricity, 
story of Edison. 

Heating effect of an electric current—> 
electric heaters. 

Magnetic effect of electric currents— 
electromagnet; electric bell. 

Magnets producing electric current—move¬ 
ment of a magnet neat a copper wire; move¬ 
ment of a coil carrying current between 
two poles of a magnet. Principle of the 
dynamo. Use of engine or water power. 

Vm. MADHYA PRADESH 

Class VI 

1. Three states of water. Use of steam 
—investigation of James Watt, railway en¬ 
gine. 

2. Heat—sources of heat, methods of 
producing heat. Effect of heat. Expansion 
due to heat— in solids, liquids and gases. 
Practical application of various effects duo 
to heat. Conductors and insulators. 

3. Machine—railway train, motor car, 
telegraph, telephone, ships, submarine, 
balloon and airship. 

4. Matter—measurement of length. 
Measuroraeiit of aiea, lectang’e, circle use 
of the graph paper. 


Class VII 

1. Heat — tcmpeiature. Thermometer 
■—clinical, maximum and minimum thermo¬ 
meter. Freezing point and boiling point, 
difference between the two, melting of 
wax, boiling point of water, effect of iinpiui- 
tie.s on the boiling point of water, effect of 
pressure on boiling point. Transmission 
of heat—^conduction, convection and radi¬ 
ation, thermoflask. 

2. Matter—states of maticr, volume, 
units of volume, measuring volume of regu¬ 
lar and irregular solids; mass and weight- 
gravity, spring balance, unit of measure¬ 
ment 

Principles of lever—three kinds, balance. 
Density, units, measurement of density 
of solids. 

Qass VIII 

1. Air—air pressure, barometer, its uses, 
instruments working on the pressure of air— 
syringe, exhaust pump, oil pump, force pump, 
cycle pump, stove, siphou, Vasudev cup. 

2. Heat—conveision of temperature 
from one scale to another. 

3. Energy and electricity—^electricity 
by friction—positive and negative electiicity, 
conductors and insulators, atmospheric elec¬ 
tricity, experiment of Benjamin Franklin, 
lightning and protection from lightning. 
Current electricity—introduction, voltaic 
cell, dry cell, battery. Flow of electric current, 
electiic lamp, torch, heater, bell, electro¬ 
plating. 

4. Matter—pressure due to liquids, 
upward thrust, downward thrust. City water 
supply, fountains. Up thrust in liquids— 
stones of Archimedes, principle of Archi¬ 
medes Relative deiisify, lactometer, sub¬ 
marine. 
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IX. TAMIL NADU 

Class VI 

1. Three states of mattei—solid, 
liquid and gas. 

2. Light—its relation to life and see¬ 
ing, chief sources of light—the sun aud stars. 

Class VII 

1. Expansion of bodies when heated- 
temperature, thermometer. The Doctor’s 
thermometer. 

2. Water finds its level. The water level 
and spirit level. 

3. Water falls—water wheels (windmills 
—lift pumps). 

4. The wheel and axle. 

5. The steam engine—its working 
(an elementary treatment). 

Class Vm 

1. Sun, a star; sun spots, meteors and 
comets. 

2. Methods of tiansinission of heat— 
Conduction, convection and ladiation. 
Water and air currents. The thermoflask. 

3. Eye and its functions —long sight 
and short sight. The uses of spectacles. 

4. Sun—source of energy, locked up 
by green plants and released during respi- 
lation. 

5. Force of gravity—centre of gravity 
and conditions of equilibrium (stable, un¬ 
stable and neutral). 

6. The ears and hearing. 

7. Sound—how produced and trans¬ 
mitted; echoes; musical instruments (str¬ 
ing, wind aud percussion) and the quality 
of sound they produce. The voc^l chords. 


8. The Radio—the elementary know¬ 
ledge of What it is aud how it works, 

X. MYSORE 

Class V 

1. Simple machines—lever, pulley, incli¬ 
ned plane, wheel and axle (geai). Friction 
and use of lubricants. 

2. Transportation—discovery of whe¬ 
eled carriages. 

3. Different kinds of power used—ani¬ 
mals, steam, petrol, electiicity 

Class VI 

1. Sources of light—sun, oil, electricity. 

2. Transportation—by land, road and 
rail. Locomotive by Stevenson. By sea- 
boat, sail ship and steam-ship. By air— 
aeroplane, work of Wright brothers. 

3. Compound machines—bicycle, sewing 
machines. 

Class VII 

1. Air—properties of air, air has pres¬ 
sure, air is compressible. 

2. Sources of heat—wood, charcoal, 
coal, oil and electricity. 

3. Effects of heat—expansion, change 
of states, change of temeperature, three 
states of matter. 

4. Thermometer— centigrade, Fahren¬ 
heit and clinical 

5. Communication—post, telegram, tele¬ 
phone, radio, work of Marconi. 

6. Power driven machines — bnller, 
tractor. 

7. Eye—its mam parts. Defects of 
eye sight—proper care of the eye. 

8. Ear— its main parts—proper care of 
the ear, 
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XI. ORISSA 

Class Vin 

1. Measurement of length, area, 
volume and mass. Three states of matter. 
Archimedes principle, floating of ships, 
airship and balloons. 

XU. RAJASTHAN 

Class V 

1 How dew, fog, snow and clouds arc 
formed and seen; what is the difference 
between mist and fog; rainbow. 

2. Three states of mattei—solid, liquid 
and gas. 

Class VI 

1. Properties of mattei—nature. To 
measure length. Use of calipers. To determine 
the volume of straight and plain bodies. 
Measuring glass. Use of burette and pipette. 
Gravitation. Difference between mass and 
weight. Physical and spring balance, rough 
balance, level’s principle. Simple macliine, 
for example—lever, pulley and screw. 
Density. 

2. Heat—a land of energy. Different 
causes of production of heat, for example— 
sun, fire, rubbing. 

Effect of heat on solid, liquid and gas. 
Change in state by heat. Centigrade, Fahren¬ 
heit and clinical thermometer. 

3. Solar system—the story of birth of 
the earth. 

Class VII 

General properties of matter. Specific 
gravity and Archimedes principle. Its appli¬ 
cation on floating and sinking bodies. Princi¬ 
ple of floating, hydrometer, lactometer, 
balloon, submarine. 


Watei finds its own level. Pressure of 
gas and liquid and illustration by simple ex¬ 
periments. Measurement of height with the 
help of barometer and its experiment 
to know the weather. Siphon, Vasudev 
cup. Pump—water pump, kerosene oil 
pump, cycle pump, foot ball pump, clinical 
spray, fount am pen, stove (kerosene oil). 

Heat—production of temperature in the 
room according to necessity How heat 
flows ? How the mattresses of khiis and jwas 
remain cold. Production of light by heat. 
Conduction, convection, radiation and their 
application. 

Blowing of air by heat. Ventilator. 

Light—a kind of energy. Chaiacter- 
istics of light. To foim image by pm-hole 
camera. Shadow, solar amd lunar eclipses, 
reflection. 

Class VIII 

Heat, steam and its energy. Simple intro¬ 
duction of steam engine. 

Light—refraction of light and uses in 
nature, sun. Spectrum or illustrations of 
seven colours. Rainbow, 

Sound—production of sound. How we 
hear sound. Simple idea of gramophone. 

Electricity and magnet—characteristics 
of magnet, natural and artificial magnets, 
compass. Its uses on water and earth. Two 
kinds of electiicity—electrostatic and curr¬ 
ent. Thundering of cloud and lightning, 
why and how? How the buildings are pro¬ 
tected by lightning conductor. Dry cells 
and torch. Heat, light from electricity and 
magnetic effects of current. Simple uses of 
electricity and electric bulb m the house. 
Construction and working of electric bell, 
iron heater etc. 

General idea about radio and X-ray. 
Simple ideas about molecule, atom, elec¬ 
tron, proton, etc. 
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Xni. TRIPURA 

Class V 

1. Night sky—Nebula, milky way, comet, 
meteor, the Great Bear and Pole star— 
short discussion about them. To deter¬ 
mine direction with the help of Pole star. 

2. Weight. Mention gravity and weight 
thiough Newton and apple story (Stu¬ 
dents will take weight of few bodies with 
a spring balance). 

XIV. UTTAR PRADESH 

Class VI 

Levers of class two and three, for example, 
wheel barrow, nut cracker, mango squeezer, 
tongs, etc. 

Measurement of volume and capacity. 
Volume of solid and liquid. Diiferent appa¬ 
ratus for the measurement of volume. Simple 
lactometer. Centre of gravity, weight and 
mass. Spring balance. Principle of bal¬ 
ance. Physical balance. 

Heat—^its sources. Effects of heat on solid, 
liquid and gas. Tlieimometer—centigrade, 
Fahrenheit. Clinical thermometer and mini¬ 
mum and maximum thermometer. Effects 
of impurities on boiling and melting points 
of general substances. 

Magnet—natural and artificial magnet. 
General properties of magnet. Methods of 
construction of artificial magnets. 

General properties of matter—state, 
colour, odour, taste, density. Effects of heat. 

Class VII 

Fixed and movable pulley. The uses of 
system of pulleys (Mathematical calcula¬ 
tion is not necessary). 

Pressure of air—simple barometer. 

Density of solid and liquid. 


Transmission of heat—conduction, con¬ 
vection, radiation. The experiment of the 
principle of the transmission of heat in daily 
life. Davy’s safety lamp. Thermoflask and 
ice box. Frictional electiicity—conductor 
and insulaior, lightning conductor. 

Class vni 

The uses of the principle of the following 
apparatus in daily life—wheel and axle, 
inclined plane, nail and screw (calculation is 
not necessary). Working method of simple 
pump. Lift pump, bicycle and football 
pump and siphon 

Piessure of liquids, Archimedes principle, 
application of the principle on floating and 
sinking submarine. Working method of 
balloon and submarine. Lactometer. 

Relative density. Application of bottle in 
relative density. Application of Archimedes 
principle for finding the relative density of 
a few substances. Simple calculation on the 
basis of the above principle. 

Light—source. Straight line propagation 
of light. Eln-hole camera. Eclipses. Reflec¬ 
tion of light. Kaleidoscope To show the 
laws of refraction. 

Electric curient—simple and dry cell. Hea¬ 
ting, lighting and magnetic effects of 
current. Electric wiring in the building. 
Fuse, electiic apparatus—heater, iron, 
bulb and bell. 

Solar system. Planets, satellites, comets, 
shooting stars and their featuie. 

XV. WEST BENGAL 

Class VI 

Atmosphere, air, water vapour, clouds, 
wind, storm, thunder and liglitiuiig, rain, 
hail, snoW, dew, fog, mist ; monsoon, 
air becomes cooler higher up in the hills 
(snow on mountain tops), in aeroplanes, 
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air becomes less dense biglicr up ; difficulty 
in breathing on mountains (Those topics 
should be treated mainly in a descriptive 
manner). 

Watei—wells and tube-’wells ; all objects 
are attracted by the earth ; deduction 
from the common experience of falling 
bodies. 

Heavenly bodies ; simple idea of solar 
system—the sun, the planets, the satellites 
especially the moon. Diffeiencc between 
planets and stars Sun is a source of 
heat and light, radiation of heat in different 
seasons. 

Class Vn 

Air has weight; air pressure and brea¬ 
thing. Mam principles involved in venti¬ 
lation ; how air rises and cool air siiiIcs ; 
methods of ventilating a room and a kit¬ 
chen. Ait develops force, docs work- 
kite, sail. 

Water—evaporation, condensation, rain 
cycle, solidification. 


Class Vin 

Pressure of air—existence of air pressure 
by demonstration. 

Torricelli’s discovery that an ordinary 
pump does not work if the level of the 
water in the well drops below 34 feet. 
The mercury baiometer (simple type), its 
readings at different altitudes. The barome¬ 
ter and weather forecasting. Syringe, siphon 
and flush tank. Suction pump or air 
pump, compression pump (football pump), 
the primus stove. 

Pressure of water—pressure of liquids, 
balancing columns of water, lockgates, 
water finds its own level, town water 
supply, artesian wells ; transmission of 
hquid pressure in different directions; 
water wheel, water dam ; Ai'chimedes 
principle—upthrust in water, floating bodies, 
iron vessels float; submarine ; density 
of solids and liquids. 

Magnetism—natural and artificial magnets, 
magnetic induction, magnetic poles. The 
earth as a magnet, magnetic compass 
for navigator and surveyor. 
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New Biology : A Point 
to Ponder 

Dhrubajyoti Lahiry 

Member, NCERT Biology Study Group, 
Presidency College, Calcutta 


I^AN is a unique biological being. He is a 
product of two heredities, one, biolo¬ 
gical and the other, sociocultural. The 
sociocultural element, to a modern man, 
is as much a part of his nature (cultural 
heritage) as it forms his nurture (environ¬ 
ment). It has both individual as well 
as collective implications. The youngest 
innovation in man’s cultural heritage, 

science, has not only the strongest impact 

on intellectual pursuits of man, but it 
also has the deepest influence on his 
day-to-day life and thought. Science 

has been acting as a powerful agency to 
transform the intellectual fabric of the 
people and society. 

Science, as an exclusive branch of know¬ 
ledge, has evolved With an ever increasing 
velocity. Its development, specially during 
the recent times, is simply amazing. The 
population of working scientists today 


far outnumbers the total number of 
scientists ever lived in the past. The 
number of scientists, output of research 
papers and financial investment on research 
indicate that the doubling period for 
science is about ten to fifteen years, main¬ 
tained since the scientific revolution in 
the Western world. 

Science training has spread its root deep 
into every society. In India also the late 
of growth of science training and reseaich 
has been accelerated consideiably since 
the advent of national planning 

Science, unlike any other branch of 
human pursuit, is not only a body of 
knowledge but also the method of acquiring 
it. Methodology and achievements are 
inseparable. The progress of one accom¬ 
panies the other. The explosive growth 
of science in a short space of time has 
revolutionised the entire psychosocial compo¬ 
sition of human beings and, paradoxically, 
of science itself. The cumulative effect 
m quantitative terms has, in its stride, 
transformed it qualitatively. 

The development of Biology is no less, 
and practically far more spectacular. 
Biology is far away from the subject 
which our grandfathers, fathers or even 
ourselves learnt It is no more a sort 
of philately; biological phenomena are 
almost explicable in physical terms. Un¬ 
fortunately, the progress of Biology and its 
teaching in India, is lagging fai behind 
the Contemporary scene. We can ill- 
afford to sit idle over modernizing Biology 
and its teaching, catering to the need and 
aspirations of the country. Out children 
must keep pace with the tremendous widen¬ 
ing of the content and attitude of modern 
Biology. Hardly do we require any more 
Committee, Conference or Commission 
simply to convince the need of moderni¬ 
zing education m Biology. The energy and 
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tlioiight should he focussed, instead, to 
find ways and means of the actual opera¬ 
tion and deciding upon the steps and 
priorities of implementation, In the 
impending task of modernization, the 
approach and content should be carefully 
weighed in terms of the actual need, 
condition and competence of our society. 

Education is the means of transmission 
of the sociocultural heredity. It consists 
of the core of culture which a generation 
purposely gives to the next in order to 
qualify them for keeping up, and, if 
possible, for raising the level of improve¬ 
ment that has been attained So, struc¬ 
ture of education differs with time and 
place. Its aim and implementation are 
bound to be different in urban areas, 
rural surroundings as also according to 
stage and tradition of the social set-up. 
Countries, even with many afiimties and 
cultural bonds, tend to differ considerably m 
the theory and practice of their education. 

It is often said that science has no 
boundary ; unfortunately, in the World of 
to-day every thing has. Even if the 
universality of science is accepted which 
only a robust optimist would daie surmise, 
the practical implementation of any science 
education is definitely limited by national 
capabilities. Development of science 
teaching (including Biology) is dependent 
upon the socio-economic and intellectual 
infrastructure. For under-developed count¬ 
ries, financial stringency always stands 
in the way of providing minimal labora¬ 
tory and library facilities. The dearth 
of Competent teachers and lack of proper 
teachers training facilities would always 
tend to cut down any gigantic ambition. 
Conservatism of the teaching community, 
specially, in a stagnant and traditional 
country, as India is, would always be a 
limiting factor of formidable effect. 


Detcimination of the aim and form of 
new Biology at various stages in the nation¬ 
al context is another tricky task. India 
IS a vast country with divergent socio¬ 
economic and culLural niches. There 
are innumerable diversities in the pride 
and prejudice of the people depen¬ 
ding upon the cast and creed, region and 
religion, language and occupation. And 
there is always the strong back-push of a 
huge illiterate population, the dead weight 
amounting to more than 350 million. The 
need and natural curiosity of a highly 
urbanised up-coming student of a metro¬ 
polis like Calcutta, Bombay, Delhi or 
Madras is bound to be qualitatively diffef- 
ent from those belonging to a village of 
Himachal Pradesh with its agrarian back¬ 
ground. As regards intellectual appetite, 
a slum dwelling emaciated kid is planets 
apart from his more fortunate neighbour. 
We will also have to find out a golden 
mean between the conflicting purposes of 
education : whether the young should be 
trained at such studies which are useful 
to him for his livelihood or in that wliich 
tend to promote his intellectual virtues 
and higher studies. 

So fat I have raised only problems, and 
only a few at that. I do not venture 
to propose any ready solution. I am 
aflaid, no single mortal can or would 
even venture to prescribe any easy recipe. 
But we must collectively rise boldly to 
the occasion and try to find out the 
answer. 

Traditional Biology is already an estab¬ 
lished discipline in the sphere of higher 
education. Modernization is likely to 
be comparatively easy in this area. The 
courses, for the present, should be as much 
diversified as possible. We should not 
develop any rigid fad or impose a subject 
of our liking or any dogma be that Biophy- 
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sics, Biochemistry or Biometry, in the 
name of modernization. 

Framing of a modem curriculum is 
not merely putting down of the content of 
a recently published foieign book, as has 
sometimes been practised. A modern 
curriculum is a thought-consuming process 
winch demands a good deal of knowledge 
of the applicability of a formula, its feasi¬ 
bility both social and fiscal, and above 
all, a judicious use of available resources. 
Widest possible choice of specialization 
should be given to the student ranging 
from Animal Behavioiu to Exobiology. 
The main ci-iteria of modernization would 
be to provide students with an opportu¬ 
nity to have the glimpses-of the frontiers of 
his field of study from the closest range. 
They should be imparted proper training 
for breaking new grounds with most 
modern methods and techniques. The 
centres of higher studies should evolve 
their own fields of specialization depending 
on the geographical location, natural scope 
and facilities of flora and fauna as well as 
available intellectual expertise. 

Education Commission has recommended 
the inclusion of Biology m the school curri¬ 
cula. It is high time when we should start 
and that on our own, with right earnest 
to impart the teaching of new Biology at 
the school level. No education is an 
importable commodity The nature and 
form, the content and method would 
naturally depend on the hard facts 
of reality. A Commission, at the national 
level, consisting of competent biologists, 
should go into the problem of formulating 
the broad outlines of the courses of new 
Biology. The content should reflect a 


modern comprehensive attitude, incorpoia- 
ting a dual outlook. It should be some¬ 
what Complete in itself and at the same 
time should be stimulating for higher 
“studies. The young mind is more curious 
about his close surroundings and is prone 
to concern himself with his immediate 
problems. The training should help to 
satisfy his basic curiosities and imbibe in 
him the spirit of facing higgei problems. 
His biological training should concern his 
own life. A child is more interested in 
doing things than ui abstract theories. He 
IS inherently more inductive than deductive. 
So the ciuricula, unlike the existing trend, 
should include more of practicals, field 
woiks, excursions and activities. This point 
can hardly he overemphasised. Systema¬ 
tic efforts should be directed to infuse the 
basic scientific attitude, disciplined and un¬ 
biased, into his adventurous natural incli¬ 
nations. 

The formulations on the national basis 
should be broad based enough to enable 
the manoeuvring of the class teacher and 
keep room for the expression of lus indi¬ 
vidual talent. Large number of alternative 
possibilities should be thought out to meet 
the requirements of different cultural niches 
and social backgrounds. Active participa¬ 
tion of working teachers, who are at the 
grassroot of execution, should be obtained 
in framing the blueprint of implementation. 

To sum up, all my submissions are in favour 
of diversity aud variation reflecting the 
social topography of India and against 
mtellechtal regimentation and massive uni¬ 
formity in any form.-' Let Biology of 
tomorrow bloom harmoniously with varying 
hues and fragrance. 
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Study of Surface^ Part V: 
Ultra-high Vacuum 

L.D. Ahuja 

Chemistry Department, 
Indian Institute of Technology, 
Delhi 


Introduction 

Jn my earlier article (School Science, Sept. 

1970), I have pointed out how soon after 
generation, a surface gets contaminated, i.e. 
becomes dirty in the common usage Even 
under a vacuum of the order of 10'“ torr, 
it takes only a few seconds for the Surface 
to be covered by many layers of chemical 
dirt, i.e. adsorbed species. It is only under 
a vacuum of the order of lO-s or 10-w torr, 
that a surface can be kept clean for a 
few hours for any definite study to be 
made which may be a chemical reaction, 
or electron emission of super-conductivity 
of the sample. 

In the same article, I have also discus¬ 
sed the ways of creating and measuring 
moderate high vacuum, i.e, up to 10'“ torr. 
In order to create and measure ultra-high 
vacuum (10'“ or less) one has to make 


I would like to discuss some of them. 

Pumps for Ultra-high Vacuum 

Pumps commonly used to produce ultra- 
high vacuum fall into four mam categories. 

(1) Diffusion pumps. 

(2) Ionization pumps. 

(3) Chemisorption pumps. 

(4) Cryogenic pumps. 

Out of these, diffusion and cryogenic 
pumps have been most commonly used 
for studying high vacuum system for 
the last few decades. 

Diffusion Pumps 

Diffusion pumps function by entrapping 
gas molecules in a fast moving vapour 
stream. Such pumps do not require 
moving mechanical parts. Langmuir, 
father of surface chemistry, modified the 
earlier jet-ejector pumps to produce conden¬ 
sation pumps using mercury or low vapour 
pressure oils as the working liquids. The 
figure on next page shows a three-stage mer¬ 
cury diffusion pump 

The choice of a diffusion pump for 
any particular system is controlled by 
two requirements. 

(1) Adequate pumping speed. 

(2) Minimum rate of back-streaming 
of the pump fluid. Mercury diffusion 
pumps have three principal advantages 
for ultra-high vacuum use. 

i) the pump fluid is very easily trapped 
at liquid nitrogen temperature, 
it) it can operate against a high backing 
pressure, so that the backing pump 
can be turned off for long periods, 
iii) the fluid is thermally stable. 
Mercury diffusion pumps are preferred 
over oil diffusion pumps whenever it 
is essential to avoid contamination from 
hydrocarbon vapours, 
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TO ROTARY PUMP 



Fig. 1. Diffusion Pump. 


Oil diffusion pumps are more widely 
used than mercury pumps because of the 
following reasons : 

(i) Pump fluid is less dangerous. 

(li) The recently developed traps for 
oil vapours do not require refri¬ 
geration. 

Polyphenyl ethers have been found to be 
very efficient pump fluids. 

The pumping speed of a diffusion pump 
IS limited by the efficiency of entrapping 
the gas molecules from the system by 
the vapours of the pump fluid. A rule 
of the thumb is that pumping speed m 
litres/sec. is approximately equal to 2d* 
where d is the internal diameter in centi" 
metres of the intake tube. 

The ultimate capacity of a mercury 
diffusion pump is limited primarily by the 
back diffusion of vapours from the backing 
or rotary pump, connected to the diffusion 
pump. However, proper substitution of 
cold traps prevents this back streaming 
and helps in the attainment of ultra-high 
vacuum. Using liquid nitrogen traps. 


pressures of the order of 10'^* torr have 
been achieved. 

Getterion Pumping 

In the phenomenon of gettering, a 
chemically active metal is evaporated in 
the presence of a residual gas. The gases 
which react with the metal are said to be 
gettered by the evaporated film. The 
gettering of chemically active gases 
is greatly enhanced when they are excited 
or dissociated by a gas discharge. 
Molecular nitrogen, for example, is not 
adsorbed on Ni even at temperatures up to 
1000“ C, but if it IS dissociated into atoms, 
the atomic nitrogen is adsorbed readily 
at room temperature. This aspect becomes 
quite clear when one compaiesthe poten¬ 
tial energy diagram for the two cases. 

Getter pumps have advantage over diffusion 
pumps on account of their suitable design 
But they suffer from the disadvantage that 
their pumping speed for inert gases is 
considerably lower than those of diffusion 
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punips. Moreover, oiily a limited number 
of getter materials have been used and all 
of them are pure metals (Ti, Zr,Ta, Mo, W). 

Cryogenic Fiimping 

Physical adsorption and/or condensation 
has two main applications in an U.H.V. 
system—traps and pumps. A use of three 
liquid nitrogen traps in series with a mer¬ 
cury diffusion pump can give vacuum of the 
order of lO'^torr in a small glass system. 

Cryogomc pumping is the term applied 
to the process in which molecules are re¬ 
moved from the gas phase by condensa¬ 
tion on a cold surface. It may be 
used in place of a backing rotary pump to 
produce a high vacuum. In general, act¬ 
ivated chaicoal or zeolite cooled by liquid 
nitrogen will reduce the pressure in a small 
system to about lO'^torr. Cooled act¬ 
ivated charcoal adsorbs 10 times its own 
Volume of air. For the production of 
higher vacuum, liquid hydrogen or liquid 
helium are necessary as cryogenic liquids. 
The non-condensable gases must be 
removed by ion or diffusion pumping. 
Vapour pressures of some common gases 
at low temperatures are shown in Fig 2. 



Fig. 2. Vapour Pressure of Common Gases 
at Low Temperatures. 


The rate of removal of gas molecules 
depends on the sticking coefficient of the 
gas on the cold substrate and on the cold 
sui'face area available. It has been ob¬ 
served that condensation of molecular hy¬ 
drogen was strongly dependent on the simul¬ 
taneous condensation of water vapour on 
the target, probably the former is trapped 
by the latter. 

The modern sealed-off electronio tubes 
depend onthe presence of a getteringmaterlaf 
for the maintenance of low pressure inside 
the tube. Table I on next page classifying 
metals and non-metals to adsorb gases at 
room temperature helps in predicting which 
metal will be a getter foi a specific gas. 
At room temperature and above, no known 
getter adsorbs inert gases in the absence of 
a gas discharge. 

In order to have an efficiently designed 
cryogenic pump, it is necessary to have a 
large conductance to the cold surface and 
to shield the cold surface of radiation 
from warm surfaces. For this reason, liquid 
helium traps are usually jacketed ivith liquid 
Ng Cooled surfaces. For these purposes 
special dewars have been designed. 

Gauges for Ultra-high Vacuum Measurement 

The devices commonly used to measure 
pressures in the ultra-high vacuum range 
are iomzation gauges for total pressure and 
mass spectrometers for partial pressures. 
There are certain pre-requisites for these 
gauges. 

(1) They must be bakeable, i.e. made of 
materials which can be heated at 
least up to 500°C without getting 
softened. 

(2) They must not serve as source of 
gas. 

(3) They must possess extreme sensiti¬ 
vity. 
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TABLE I 


Classification of Metals and Semi-metals Based on Adsorption Properties 


Gioup 

Metals Oj 

C,Hs 

CaHi 

CO 

Ha 

e« 

o 

u 

Ns 

A 

Ca, Sr, Ba, Ti, A 

Zr, Hf, V, Nl, 

Ta. Cr.Mo, W, 

Fe, (Ro) 

A 

A 

A 

A 

A 

A 

Bl 

Ni, (Co) A 

A 

A 

A 

A 

A 

NA 

Ba 

Rli, Pd, Pt, (Ir) A 

A 

A 

A 

A 

NA 

NA 

C 

Al, Mn, Cu, Au A 

A 

A 

A 

NA 

NA 

NA 

D 

K A 

A 

NA 

NA 

NA 

NA 

NA 

E 

Mg, Ag, Zn, Cd, A 

In, Si, Go, Sn, 

Pb, As, Sb, Bi 

NA 

NA 

NA 

NA 

NA 

NA 

F 

Se. To NA 

NA 

NA 

NA 

NA 

NA 

na 

Note : 

'A’ indicates adsorption, ‘NA’ no 

adsorption. 





-1 


Mcrcvry Manamatef 




QiLUJrli 

McCcod 
piront Goufje 

_ 

_ Bayard - A^pert 

* Co^ Caftirxie /omsati'an 0aifj^ Magnetic r tcid. 

Pat Caf^ode /anisdtfori Qaujc Ma^PtcUc Ptctld 

Mass ^pedromtirpr _ 



Fig. 3. Useful Ranges of Vacuum Gauges. 
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For those leasons, special considerations 
must be given to their construction, cah- 
beration and operation. Fig. 3 gives the 
useful ranges of various vacuum gauges. 

Ionic-Gauge 

It should be noted that the out put from 
ail ionization gauge is proportional to 
the gas density within the ionizing region. 
Conversion of the on gauge reading to 
pressure requires a krioivledge of the gas 
temperature 

Pumping Effects in Ionization Gauges 

All ionization gauges behave as pumps 
to some extent, the removal of gas from the 
volume is caused by four processes. 

(i) Ionic Pumping: The entrapment 
of ions that impunge on any solid 
surface, 

(ii) Chemical Pumping ; The removal 
of neutrals by chemisorption on 
the elect! odes or the bulbs 

(iii) Activated Chemical Pumping- The 
removal of excited or dissociated 
molecules by chemisorption. Excit¬ 
ation or dissociation is caused by 
the electron in the discharge. 

(iv) Pumping at an Incandescent Filament. 
Ill the case of hot-filaraent ionization 
gauges, an additional pumping pro¬ 
cess is produced by dissociation of 
gas molecules at the hot filament and 
reaction with impurities in the fila¬ 
ment. The dissociated fragments 
may then be chemisorbed readily 
at any solid surface. 

Hot-cathode Ionization Gauge 

In a gas at low pressures (lO'^ torr), 
the number of positive ions produced by 
the passage of a stream of electrons is linearly 
propoitiopal to the density of gas molecules. 


At high pressures, the number of ions pro¬ 
duced is sufficient to alter the current and 
energy of the electron stream, and the linear 
relationsliip between ionization and gas 
density no longer holds due to space charge 
effects. Thus below 10* torr, a measure¬ 
ment of ion current serves as a measure of 
the pressure in the system at a given tem¬ 
perature. 



Fig. 4. Probability of Ionization as a 
Function of Electron Energy. 


The number of ionizing collisions made 
by an electron passing through a gas 
at low pressures depends on the nature of the 
gas and the kinetic energy of electrons. The 
above figure (Fig 4) gives the probability of 
ionization as a function of electron energy 
It is clear that the efficiency of the ionizing 
process for most gases has a maximum at 
100-150 volts 

Thermal-conductivity Ganges 

At pressures below 1 mm Hg, the heat 
loss from a wire to the gas which surrounds 
it, is linearly proportional to the pressure 
of the gas. This process depends on the 
thermal accommodation coefficient of the 
gas on the sensing materia] and the natuie 
of the wire surface. Above 1 mm Hg, 



study of surface, part V 


28^ 


the thermal conductivity of the gas is al¬ 
most constant. Three types of devices 
which use this phenomenon to indicate 
pressure are; 

1) the Pirani gauge 

2) the thermocouple gauge 

3) the thermistor gauge. 

All these can measure the pressure of 
condensable as well as non-condensable gases, 
but must be calibrated before use. 

The basic elements of a Pirani gauge are 
shown below: 


4 


Ui 

O 


.11 



filament 





Fig. 5. Pirani 
Gauge. 


The pressure-sensing 
element is a fine wire 
located in the vacuum 
system winch forms 
one arm of a Wheat¬ 
stone bridge. Aniden- 
tical Wire sealed in a 
highly evacuated bulb 
forms another arm of 
the bridge. By using 
this compensator, the 
effects of changes of 
room temperature, 
supply voltage and 
ageing of the wire are 
avoided. In normal 
use, the voltage across 
the bridge is kept 
constant and off 
balance of the bridge 
because of changes in 
the temperature of the 
indicator wire on 
account of changes in 
pressure of the system 
are observed. 


The other two devices are also run on 
the same principle. 


Sensitivity of Ganges 
The accurate calibration of ionization 


gauges is a difficult problem, particularly 
when chemically active gases are involved. 
The only satisfactory standard is the Mc¬ 
Leod gauge, which is useful only up to 
10"S torr. For lower pressures, lon- 
curreiit vs pressure relationship must be es¬ 
tablished by indirect methods. 


Detection of Leaks 

Those who work with vacuum system 
must have spent many uncomfortable 
hours simply finding out where the leak is. 
It is just like locating a discontinuity on a 
printed circuit. 

For ordinary vacuum, soap solutions or 
a Tesla Coil is used. A cleavage in the col¬ 
umn of the discharge indicates a leak. For 
ascertaining the exact spot, various sections 
of the system should be isolated one by one. 
The most sensitive method of measuring 
small leak rates is to accumulate the gas 
that has leaked in and then measure 
the pressure of the accumulated gas. 
In a system using ionization pumps, the 
leak rate for inert gases can be easily 
obtained by switching off the ionization 
pumps or gauges, when the pumping speed 
for inert gases becomes zero. The inert 
gas is allowed to accumulate for a known 
time and then an ionization gauge is turned 
on momentarily to measure the pressure. 

In some cases, the gas can be aceumulat- 
ed into a cold surface (physisorption) or 
into a metal surface (chemisorption) at 
room temperature. The gas is later releas¬ 
ed by suddenly heating the adsorbing sur¬ 
face. By this method, leaks of the order 
of IQs molecules/second have been detected. 


Mass Spectrometers 

Mass spectrometer is the most sensitive 
leak detector currently known. To detect leaks, 
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the uilet to the mass spectionicter is conaec- 
ted to the system tinder test Helium is spra¬ 
yed externally to the system. Due to its low 
mass, helium has a high rate of diffusion 
through the leaks. The intensity of the 
current recorded in the mass spectrometer 
is a measure of the size of the leak 
Acetone or some suitable organic solvent, 
when applied to a small leak in an ultia 


portant parameters governing surface 
efifeets. 

Thus we see that in the U.H V. range, 
desorption of only a minute fi action of the 
absorbed gas will have a profound effect 
on the pressure in the system. 

B. In order to obtain stable field emission, 
entry of helium into the field emission tube 
must be avoided as it causes sputteung of 


TABLE II 

Some Important Parametets Governing Surface Effects 


Pressure 
(mm Hg) 

Molecular 
density in 
gas phase 
(Moleculc/cc) 

Inipingcmont 
rate (Molo- 
ciiles/cm* 

Sec.) 

Monolayer 

Ratio of 
adsorbed 

to free 
Molecules 

1 

3.3X101« 

3.8X1010 

1.3X10-8 

7.5x10-8 

io-» 

S.SXlQio 

3.8Xl0i‘ 

1.3 See. 

7.5 X 108 

10-11 

3.3X10“ 

3 8x10“ 

36 hrs. 

7.5X108 


high vacuum system will give a rise in pres¬ 
sure in an ionization gauge compared to a 
drop in pressure produced when helium is 
used as a detector. 

Application of Ultra-high Vacuum 

I. Surface Physics and Chemistry 

A. In the study of adsorption of gases on 
metals it is necessary that the metals are 
cleaned properly and maintained free of 
adsorption. It has already been pointed out 
that in order to keep a surface clean for an 
hour or so, we require a vacuum of the 
order of 10‘“ torr. Table II gives some im- 


the field emitting tip and thus an increase 
in its radium. This has been achieved by 
using cormng 1720 glass, which has very 
low rate of permeation of helium and en¬ 
ables a vacuum of the order of 10”^* torr 
to be maintained. 

C, While depositing thin films, the pre¬ 
sence of active gases can 

(i) affect the nucleation density, mobility 
and adhesion of the depositing atom 
on the substrate; 

(li) create a high density of imperfec¬ 
tions within the film; 

(ill) influence the electric and magnetic 
properties of the deposited film. 
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Ill view of the large scale use of thin films 
in electronic component production, ultra- 
high vacuum techniques will be of great 
importance 

n. Thermonuclear and Plasma Devices 

In the operation of controlled thermo¬ 
nuclear devices, impurities affect the attain¬ 
ment of the required plasma temperature. 
The impurities in the plasma increase the 
rate at which energy is radiated from the 
plasma. Therefore, it is necessary to achieve 


the chamber. In addition, there is the mecha¬ 
nical motion, vibration, high radiant influx 
etc, 

QI. Space Simulation 

Before subjecting them to actual flight, 
it IS necessary to test the space vehicles and 
their components under condition prevailing 
in the space. The following table gives the 
atmospheric pressure in mm Hg. as a 
function of the height. One can see that 
pressure reduces to 10'® torr even at a height 


TABLE III 


Atmospheric Pressure as a Function of Altitude 


Height 

(Thousand foot) 

Pressure 
(mm Hg) 

0 

760 

30 (Mount Everest) 

230 

100 (20 miles) 

8.5 

200 (40 miles) 

0.25 

SOO (100 miles) 

1.5X10-* 

1000 (200 miles) 

1.2x10-8 

1500 (300 miles) 

IX10-8 

2000 (400 miles) 

2X10-V' 


U.H.V. before the introduction of plasma 
gas (usually deutrium or tritium) and also 
to minimise the contamination of the plasma 
from the walls of the chamber. 

Construction of the space chambers is a 
diflicult job, not only because of then large 
size but also because of the large number 
of observation ports, doors and other open¬ 
ings that must be provided in the walls of 


of about 300 k.m. 

It has been generally observed that mole¬ 
cules emitted from a vehicle in space rarely 
return to the vehicle. If this condition is 
to be simulated in the laboratory the walls 
surrounding the vehicle should have a stick¬ 
ing coefiicieut approaching unity which can 
be achieved by maintaining the wall at 
liquid hydrogen temperature, 



Dr. Vikram Ambalal 
Sarabhai 

B. Sharan 

Department of Science Education, NCERT, 

New Delhi 

Lives of gieat men all icmind us Wc can make 
our lives sublime And departing leave behind us 
Foot-prints on the sand of time. 

H. W. Longpellow 


Qn the fateful December 30, 1971, at 
6.30 a m , a waiter of Kovalara Palace, 
a Government Tourist Hotel, knocked on 
the door of a suite for serving coffee to the 
inmate and he found to his dismay no res¬ 
ponse. The saheb who used to get up be- 
foie the waiter with the coffee came to 
his room was still asleep. The door of the 
suite was broken open and a team of doctors 
examined and declared Dr. Vikiam Ambalal 
Sarabhai, Chairman of the Atomic Energy 
Commission and The Indian Space Research 
Organisation, popularly known as Sarabhai 
as dead No foul play was suspected and 
death was piobably due to heart failure 
around 2 a.m. The news like a tidal wave 
swept across the entiie country within a 


matter of hours. The mother lost her dear 
son; Mallika 21, her father, before seeing her 
in a film career of his dreams, Kartikeya 25, 
his daddy before completing his education 
mUSA,the Cricket Club of India, Wellingdon 
Sport (Bombay) and Ahmedabad Gymkhana, 
a sports enthusiast and the nation a great 
educationist and architect of space techno logy. 
The last words ‘Okay go ahead’ are now a 
matter of past as they were spoken to Shri 
A.R. Thakur, Assistant Director of Physical 
Research Laboratory, Ahmedabad and B. 
Ramakrisbna Rao, Head of Electronics, a 
few minutes before 12 midnight on Decem¬ 
ber 29, 1971 in connection with discussion 
on a space programme. 

Dr. Vikram Ambalal Sarabhai was born 
on August 12, 1919 in the well-known Sara¬ 
bhai family of industrialists in Almiedabad. 
He received his higher education in 
the Universities of Bombay and Cambridge. 
Coming events cast their shadows before. 
Sliri Sarabhai passed tripos, a rare 
distinction from Cambridge, in 1939 and soon 
after proceeded for research a'c the Indian 
Institute of Science, Bangalore. At the 
latter place he worked on cosmic rays 
from 1939 to 1945 under the leadership 
of the great Indian scientist and Nobel 
Laureate, Pi ofessor C.V. Raman, and is said t o 
have developed the geiger counter technique 
for the detection of cosmic rays. The cos¬ 
mic rays are of extraterrestrial origin as 
indicated by the discharge of a charged gold 
leaf electroscope. Their nature, distribution 
in space and origin is one of the most interest¬ 
ing problems. 

In 1945, Shn Sarabhai joined the Caven- 
dishLaboratory to conduct research onphoto- 
fission and was awarded the degree of Pli D. 
for woik on nuclear physics in 1947. Photo- 
fission IS a process of breaking up of atomic 
nucleus into two parts under ray irradiation, 
a very important nuclear process in all 
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atomic explosions. This led him to become 
Professor of Cosmic Ray Physics, and later 
in June, 1965, Director of Physical Research 
Laboratory, Ahmedabad. 

Dr. Sarabhai succeeded Dr. Homi J. 
Bhabha FRS, as Chairman of the Atomic 
Energy Commission in May, 1966, a post 
which he adorned till his last breath. 
Strangely there is a close parallel in 
their death. Both died young in the 
wake of an Indo-Pakistan war and after 
hinting at the probable date of 
producing an atom bomb. In less than a 
fortnight after Tashkent agreement Bhabha, 
then 57, lost his life in a plane crash, and 
now Sarabhai too apparently from heart 
attack at even a younger age of 52. Both 
were survived by their mothers, a strange 
coincidence of events. They only differed 
in attainments : Homi Bhabha put India 
on the world’s nuclear map, Sarabhai put 
it on the world’s space map, 

The most befitting tribute that wc can 
pay is by reminding the nation of the life 
and the contributions of the departed per¬ 
sonage. 

Dr. Sarabhai was a symbol of simplicity. 
He wore Khadi bushshirts and hand spun 
chappals, a tradition which he inherited 
from his parents who were close associates 
of Gandhiji. 

Dr. Sarabhai was endowed with inde¬ 
fatigable energy, passionate devotion and 
a rare combination of administrative and 
scientific ability. Interest in music, photo¬ 
graphy and documentary film making added 
further to his competency. 

On the administrative side Dr. Sarabhai 
first occupied the Chair as part-time Hono¬ 
rary Director of the Ahmedabad Textile 
Industry’s Research Association (ATIRA) 
from 1957-65 and Indian Institute of 
Management, Ahmedabad. 

As incharge he organised the ATIRA from 


its inception till the appointment of a full¬ 
time Director in 1965. He visited Japan in 
1956 as aleader of productivity delegates. 

As Honorary Director of the Indian Ins¬ 
titute of Management he took a leading 
part in its biulding and establishment so that 
professional managers could increasingly 
assume the responsibility of running our 
industries. 

On the science side, his major inteiests 
were astrophysical implications of cosmic 
ray time variations. The Work done by 
him in collaboration with his students at 
the research stations established at Ahmeda¬ 
bad, Gulmarg, Kodaikanal, Trivandrum 
and Chachaltaya in Bolivia (South America) 
led to the discovery of new solar relationship 
of cosmic ray variations. 

For space explorations. Dr. Sarabhai 
strived to set up the Thumba Equatorial 
Rocket Launching Station (TERLS), It 
was commissioned in November 1963 and 
has earned UN. recognition. 

Not content with the launching of French 
Centre sounding rockets obtained from 
abroad, Dr. Sarabhai planned a Space Tech¬ 
nological Research Centre at Veli, Trivan¬ 
drum, for the design and development of 
Indian rockets with indigenous pay loads, 
for supporting scientific instrumentation 
and equipment, suitable solid and liquid 
propellants and overall cosmic ray research 
in aiding onr project. 

The commissioning of the Sriharikota 
Space Station on the Andhra Coast m 1971 
placed India on the threshold of the satel¬ 
lite era. 

From Kashmir to Kerala there stand a 
number of institutions ol learning, research 
and experimentation which bear witness to 
Sarabhai’s gleat vision, his devotion to 
the cause of national advancement and his 
dedication to the promotion of knowledge. 
Sarabhai’s intense concern was relationship 
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of science to tlie larger purposes of human 
life. 

To promote science-mindedness m the 
young, Dr. Sarabhai set up in Ahmedabad a 
Community Science Centre for providing 
facilities to boys and girls for conducting 
experiments and making field studies of 
their choice. 

He initiated the Krishi Darshan program¬ 
mes for the farmers on television for quick 
dissemination of scientific knowledge to 
common man which could be used for 
rapid economic development. 

In a country of the size of India with a 
low level of education, Dr. Sarabhai fore¬ 
saw the tremendous potentiality of satelhte 
communications as an educational medium- 
He recognised that if the message of sci¬ 
entific farming and faimly planning has to 
be taken to the illiterate villager it 
could be dona most effectively 
through a satellite based community 
television network He secured the coop¬ 
eration of the National Aeronautics and 
Space Administration (NASA) of the Unit¬ 
ed States for launching such a noble pro¬ 
ject on an experimental scale. The ex¬ 
perimental Satellite Communications 
Earth Station was set up at Ahmedabad 
and it is the second of its kind in Asia. 
May wo hope that Science Education 
through it Would serve as a tool for 
ushering social changes. 

The love for humanity got him deeply 
interested in the problems of disarmament. 
He devoted considerable time and effort 
to the Pugwash movement as a member of 
the Pugwash continuing committee and con¬ 
vener of the Pugwash Committee. 

He represented India as a member of the 
panel of Consultant experts set up to assist 


the UN Secretary General in the prepara¬ 
tion of a report on the effects of possible 
use of nuclear Weapons and on the security 
and economic implications for the states, 
of the acquisition and further development 
of these weapons. 

For his meritorious work and services 
Dr. Sarabhai Was awarded the Shanti 
Swarup Bhatnagar Memorial Award in 
Physics m 1962 and the Padma Bhushan 
in 1966. 

The Government of India had rightly 
chosen a man of such versatile nature and 
immense potentialities as the Cliairman of 
AEC and INCOSPAR, as a member of 
the Scientific Advisory Committee, National 
Planning Council of the Planning Commis- 
sion; member, governing body of the Council 
of Scientific and Industrial Research and 
the Central Advisory Board of Education. 

In spite of his heavy administrative occu¬ 
pations, Dr. Sarabhai kept himself in 
the mainstream of scientific advance by 
frequently attending scientific meets abroad, 
presenting papers at conferences and con¬ 
tributing articles to leading scientific journals. 

Dr. Sarabhai’s dreams which remain to 
be fulfilled are ; 

(i) The utilisation of nuclear energy for 
agro-industrial complex, and 

(ii) The utilisation of saline water 
for agricultural purposes to irrigate 
the desert areas of Rajasthan. 

Dr. Sarabhai would remain in the annals 
of history, a source of inspiration for the 
present as Well as the coming generations 
Let me hope some one would take up his 
unfinished tasks to completion. 

We offer our^sincere condolences to the 
bereaved family. The loss to them is great 
and the loss to the Nation is also great. 



Norman Borlaugi 
Pioneer in the Green 
Revolution 

Don Paarlberg 

The story of the Green Revolution begins in 
Mexico in 1944 when Norman Borlaug went to that 
country for the Rockefeller Foundation to improve 
its agriculture. There followed, a chain of events, 
partly planned and paitly the result of chance, that 
pioraises nothing less than the transformation of 
world agriculture. In 1970, Borlaug received a 
Nobel Peace Prize for his woik. 


J^EXico to which Borlaug came in 1944 
was an agricultural country with three- 
forths of the people living on land cultivated 
with traditional methods. Corn yield per 
acre was eight bushels, compared with 28 
bushels in the United Stales, and wheat 
yields were less than 12 bushels. Most 
fatmers were illiterate. Per capita rural 
incomes were but a fraction of those 
in the cities. The numbers of people were 
increasing at a rate that would more than 
double the population in 25 years. As 
a consequence of population growth, the 
food supply was in jeopardy. Imports were 
rising, asserting a troublesome demand for 
linrited foreign exchange. 


Borlaug and the three other Americans with 
whom he started the work, coniing in fresh 
with Foundation backing, had some enorm¬ 
ous advantages. He was free from the poli¬ 
tical pressures which beset government efforts 
at agricultural development. He was not 
troubled by the professionalism that impedes 
university research There was no compulsion 
to show a profit, as is the case in business 
enterprises. Perhaps most important, Borlaug 
Was free from that handicap of the “short¬ 
term” assignment which keeps an agricul¬ 
tural scientist in a country just long enough 
to gain some understanding of the problem 
but not long enough to make a major con¬ 
tribution. 

He sot up a programme with these unique 
features : (1) Priorities were established, 
and adhered to. The number one priority was 
to improve wheat yields so as to feed hungry 
people. (2) No distinction was masde 
between basic and applied science; emphasis 
was on Whatever Was needed to advance 
towards the programme objectives. (3) Foreign 
career scientists Were placed in charge 
and given long-term assignments. Young 
Mexicans were trained through internships and 
outstanding men were given advanced study 
With the purpose of preparing them to take 
over the programme. Borlaug’s idea was for 
the Foundation to “work itself out of a job”. 

Relations With the Mexrcan govern¬ 
ment were cordial from the first. The original 
venture was made at the request of govern¬ 
ment officials. Testing facihties were made 
available at the national agricultural college 
at Chapingo, just outside Mexico City. Co¬ 
operation With the government extension 
service began early and continued. One 
precaution was observed; the Mexican gov¬ 
ernment must remain sufficiently distinct 
from the programme so that failure of some 
programme venture, If it occurred, Would not 
implicate the government. And vice-versa- 
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Only by keeping the relationship loose could 
the independence of the programme be 
assured. Good relationships werB also 
established with other agencies: the Ford 
Foundation, the Food and Agriculture 
Organisation of the United Nations, the U.S. 
Department of Agriculture, and the U.S. 
land-grant colleges of Which Borlaug was a 
product. But the same strict rule was 
followed: no ties that would restrict the 
autonomy of the operation. 

Wheat, the Staff of Life 

More people rely on wheat as their staple 
food than on any other crop except rice. 
Wheat is nutritious, palatable, low in 
cost, virtually free of taboos, storable, and 
in every way a superb weapon against 
hunger. If Borlaug could improve Mexican 
wheat, there Was the chance that he 
might help wheal-eating people in the rest 
of the World. Mexico had to import 
10 million bushels a year, more than half 
her supply. Wheat yields were abnormally 
low; technology was poor. Wheat varieties 
were numerous and enormously varied. 

The first thing Borlaug did Was to gather 
as many of the Mexican wheat varieties as 
possible, from various altitudes and lati¬ 
tudes. Altogether, some 8,500 individual 
head selections were made and were tested 
in many locations, The native Mexican 
wheats Were generally susceptible to rust, 
a fungus disease that saps the vitality of the 
plant, clogs the passageways from root to 
blade, sucks out its moisture, and covers 
it with a growth that reduces the effective 
leaf surface. A field afflicted with the dis¬ 
ease appears tarnished and “rusty”, hence 
the name. The disease spreads by 
releasing tiny spores, broWn, red, or yellow 
depending on the species, carried by the 
wind for hundreds of miles. One 


acre of well-rusted wheat may have as many 
as 50,000 billion of these spores. A severe 
case of rust can cut yields in half or even 
less. Only two out of Borlaug’s wheat 
selections showed resistance to rust, and 
there is no assurance that a resistant 
variety will continue to be resistant. Rust, 
like wheal, may undergo mutation, and 
a new race may permit the rust to overcome 
the wheat’s powei of resistance. 

Because of the importance of this dis¬ 
ease, Borlaug decided to give first priority 
to bring rust under control So began 
the programme to breed wheat for rust resis¬ 
tance, This involves crossing or hybrid¬ 
izing, an arranged marriage, the manipulation 
of germplasm that peunits the designing 
of plant varieties in a fashion similar 
to the designing of industrial products. 
The assumption in crossing is that the desi¬ 
red plant characteristics exist somewhere, 
perhaps masked or hidden, in some strain 
of wheat. The objective is to find them, 
lift them out, and combine them with other 
desired features in a new useful form. 
The crossing required to achieve this result 
is a delicate operation, performed with 
tweezers and magnifying glass. 

The wheat that results from the first 
planting of a cross may look like either of 
the parents, or may be intermediate and 
look like a new variety, depending on its 
inheritance. When its seed is planted to 
produce second-generation plants, many 
different types may appear No two plants 
are identical in the second generation. The 
plant breeder selects the superior ones, using 
as his criteria such attributes as disease 
resistance, yield, baking quality, drought 
toleiance, maturity, standing ability and 
so on Less desirable plants are discarded. 
The plant breeder keeps selecting and dis¬ 
carding for about six or eight generations, 
by which time the new variety fakes on 
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considerable uniformity. It is then increased 
and tested on a larger scale in various regions. 
The whole process takes about 10 years; 
if two crops a year are gto^Vn, the neces¬ 
sary time can be reduced by half. 

Once the process of selecting and discard¬ 
ing has been completed, the resulting hybrid 
remains fixed in its genetic composition. 
While the crossing of wheat is difficult and 
delicate, the lasting results make multi¬ 
plication of the new variety both rapid and 
low in cost. It was this chat acter that made 
possible the speedy expansion of improved 
wheats throughout Mexico and eventually 
overseas. Over a period of 20 years, Borlaug 
and his associates made more than 30,000 
of these wheat crosses and tested the results. 
The choice of which to retain and which to 
discard is m part a matter of scientific testing 
and m part intuition. The two Mexican lines 
that had shown resistance to rust were crossed 
with the more promising of the other lines. 
In addition, there were crosses with rust- 
resistant wheat introduced from the United 
States, from Kenya, from Australia, and 
from Morocco. Some of these crosses 
produced wheat that had a fairly high degree 
of rust resistance. 

Borlaug came to the conclusion that his 
improved wheat should not be highly spe¬ 
cific in its adaptation. Mexico has a mul¬ 
titude of micro-climates and ecological 
conditions. Variations in moisture, tem¬ 
perature, latitude, altitude, fertility and til¬ 
lage practices are very great. To try to tailor 
a specific and different wheat for each parti¬ 
cular circumstance would be an impossible 
task. So Borlaug set about 1o develop a 
limited number of wheat varieties With gene¬ 
ral rather than specific adaptation. It was 
this appioach that peujiitted the rapid 
spread of his wheat not only within Mexico 
but outside the country, from Morocco to 
India. 


Another favourable result from a mixture 
of good planning and good fortune was the 
development of wheat varieties that 
were noii-photoperiod-sensitive, or light- 
iiisensitive Borlaug bicd photoperiod- 
sensitivity out of his wheats. He came up 
With wheats that utilize the same 
number of days to maturity regardless of 
whether the hours of daylight were length¬ 
ening or becoming shorter. This was an 
enormous gam If wheat is light- 
msensmve and if ino'sture and tem¬ 
perature peimit, a farmer in or near the 
tropics perhaps can get two crops a year, 
which nature nevei intended. And the 
wheat w'll be adapted within a latitude of 
perhaps 5,000 miles instead of 500. 

Borlaug and his team Worked hard, in a 
single season they made 2,000 to 6,000 
individual crosses. “Some of these kernels 
may be gold nuggets,” said Borlaug. “Find 
them!” In 20 years of work they created and 
distributed some 75 new varieties, of which 
foul subsequently comprised the bulk of 
the wheat grown in Mexico. The wheat¬ 
breeding techniques used in Mexico were 
not designed by Borlaug. What was 
unique was the execution of the plan, the 
adherence to the goal, the depth of his com¬ 
mitment, and the continuity of personnel. 

By 1951 it began to look as if the battle 
against wheat rust had been won Then 
suddenly appeared race 15B, a type of 
lust previously of little importance, which 
spread rapidly throughout Mexico, the 
United States, and Canada Race 15B was 
deadly to two of Borlaug’s four varieties, 
but the other two came through well. 
Reliance was shifted to these varieties 
and the new threat passed In 1953 an¬ 
other variant of rust, race 139, attacked 
the remaining two of lus established varieties. 
A'' senes of new crosses, using lines carried 
111 the wheat nursery produced the resis- 
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tant Cliapingo 52, Cliapingo 53, Bajio, 
and Mexe. These resisted the new rust and 
provided the basis for his successful upto- 
dated varieties. 

Now that this new wheat was developed, 
how would he get the farmers to accept it? 
Four years after his work began, Borlaug 
showed his results to the neighbouring farmers. 
Five farmers showed up for his first field 
day at his test plots in the Valle DelYadui 
in Sonora Within three years there were 
hundreds of farmers attending his field 
days, and after eight years there were thou¬ 
sands, coming from all parts of Sonora and 
tlnee neighbouring states. These were the 
farmers said by some to be apathetic and 
disinclined to change, but in fact the farmers 
forced Borlaug to release his wheat before he 
had intended when he saw them picking the 
heads off wheat plants in his test plots. 

The Giant Dwarf 

By 1957, thirteen years after his work 
began, Borlaug was able to say that he 
had the rust problem under control. A 
nuinhcr of new lines had been released; 
70 per cent of area cultivated fo wheat 
was seeded to these new varieties. The 
national average yield had been increased 
from 11.5 to 20 bushels per acre. This 
was unprecedented and unquestionable 
success. 

But yields Were still low. Soil fertility 
was limited and the capacity of his wheat 
varieties to take up soil nutrients was like¬ 
wise limited. Soil fertility could be increased 
with fertilizer But Borlaug’s wheats respon¬ 
ded by growing tall and lodging, i.e,, falling 
flat with rain and wind rather thanproducing 
mole giain A small application of fer¬ 
tilizer helped some, hut beyond that point, 
the more fertilizer the lower the yield. This 
was true of all the Mexican varieties, which 


were naturally slender and inclined to be 
tall As in most parts of the world farmers 
had traditionally selected seed from plants 
with the highly visible attribute of tallness, 
associating this—often incorrectly—with 
vigour and productivity. 

What was needed was germ plasm, from 
somewhere, that would permit the wheat 
to assimilate a large amount of soil nutrients 
and convert these nutrients to gram, stand¬ 
ing sliff and erect m doing so. These 
attributes had to be capable of being incor¬ 
porated into his adapted rust-resistant Mexi¬ 
can wheats. He had no such germ plasm; 
evidently he had to go outside of Mexico 
to get germ plasm capable of high nutrient 
intake and high yield 
Fiom Japan came this last major component 
of Borlaug’s miracle wheal. The Japanese 
farmers were growing a number of remaikably 
stiff, short-stomined wheat varieties. When 
heavily fertilized, these varieties stayed erect 
and gave good yields. These short-stem¬ 
med Norin wheats of Japan have as 
many leaves and, hence, as big a manufac¬ 
turing surface per stem as the other wheats. 
The difference is that they have shorter 
intervals between the leaves. They waste 
less effort in erecting an unproductive stalk, 
and they have many more stems per plant, 
Furthermore, and extremely important, the 
Norm wheats have the capacity to take up 
large amounts of soil luitiients and convert 
them to gram. 

Sixteen varieties of Norinweie made avail¬ 
able to American wheat breeders in 1947/48. 
Orville A. Vogel, a wheat breeder to the 
U.S. Department of Agriculture and 
the first to recognize their worth, discovered 
that the Norin wheats had many faults under 
American conditions. Vogel went to work 
on these defects, and eventually over¬ 
came them; he found that the short-strawed 
character of Norin 10 was readily trans- 
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ferred to the offspiing when crossed with 
other varieties. Borlaiig obtained some of 
early crosses and breeding lines from Vogel 
[in 1953, crossed Vogel’s wheats with his 
Mexican varieties, and obtained the desired 
adaptation: disease resistance and short 
straw. The increased yield potential of 
the new dwarf wheat was due not only to 
its non-iodging characteiistic but also to 
its greater number of stems, the greater 
number of grains per head, and its better 
grain-filling qualities Furthermore, since the 
varieties he developed were non-photoperiod- 
seiisitive they had wide adaptability and were 
capable of being grown in most of the tro'- 
pical and sub-tropical wheat-producing 
countries of the world Growing two crops 
a year, Borlaug had two varieties, Pictic 62 
and Penjama 62, ready for release by 1961, 
eight years after he first received the parent 
stock 

Optimum nitrogen application for the old 
wheats had been about 40 pounds per acre; 
the new wheats made efficient use of 120 
pounds. Increased amounts of phos¬ 
phorous and potash were also needed, as 
were some of the minor elements. Balanc¬ 
ing the diet for these new wheats lequired 
an immense amount of research in soil 
fertility and plant response, which Borlaug 
and his colleagues readily incorporated into 
the work of the Rockefeller project along 
with pathology and genetics. The new wheats 
were so prolific that all kinds of undertak¬ 
ings, previously unprofitable became pay¬ 
ing practices: weed control, the use of in¬ 
secticides, and additional irrigation. Bor¬ 
laug moved into these areas with his research. 

Once the piactices were orchestrated the 
yields of these wheats were phenomenal. 
Better farmers, using improved methods 
were able to get yields as high as 105 bushels 
per acre, two and a half times as high as 
top yields with Borlaug’s earlier varieties, 


In 1965, Borlaug could say, “The impact 
of tliese vauoties has been so great that in 
four years they have taken over 95 per cent 
of the area cultivated to wheat in Mexico” 
The wheat was so attractive to fairaers that 
virtually all of the first crop and nuich of the 
second was used for seed. National average 
wheat yields per acre, which had almost dou¬ 
bled from 1943 to 1957, incieased another 
50 per cent by 1963 Eleven and a half bushels 
per acie national average ill 1943; 30 bushels 
per aero in 1963 From a wheat deficit of 
10 nallion bushels, half her needs in 1943, 
Mexico now provided the wheat for a larger 
population and fed them better, 

The Breakthrough 

Agricultural development people through¬ 
out the World noted the Mexican success 
and a parade of visitors came to the project. 
An International Rice Research Institute, 
modelled on the Mexican wheat experience, 
was set lip in the Philippines. There were 
several things about this breakthrough that 
make it special: It came in the hungry 
part of tlie world, not in those countries 
already surfeited with agiicultural output. 
It came in the tropics, which had long been 
in agricultural torpor, not in the temperate 
climates where change Was already rapid 
It produced new knowledge and technology 
that Could be used by farmers on small 
tracts of land, rather than being, like many 
technological changes, adaptable only on 
large farms. 

Closely built into his wheat research, 
Borlaug had a trainee programme resembling 
an apprenticeship arrangement. Over the 
years some 100 young scientists from 22 
nations paiticipated in his programme, 
learned his methods and absorbed some of his 
enthusiasm. They returned to their countries, 
often carrying the new wheat varieties with 
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them. These were “the wheat apostles”, 
Who laid the groundwork for the later rapid 
expansion of the Mexican wheats. 

In India and Pakistan, agricultiual prac¬ 
tices had changed hut little for centuries, 
as in Mexico. The two countries were ex¬ 
pel iencing more than their share of the popu¬ 
lation explosion, and had beenbarely meeting 
their food needs by increasing imports of 
American PL-480 wheat—a policy that 
could not continue indefinitely. In 1963, 
government officials of India and Pakistan 
invited Borlaug to visit their countries. 
At Lyallpur, Pakistan, he found a number 
of wheats from Mexico—^brought to Asia 
by two Pakistani trainees who had been 
with him in Mexico. These two young men, 
Manzur Bajwa and Noor M. Chaudhry, 
had grown and observed these wheats at 
Lyallpur since 1961. The wheats looked 
rather ordinary; the research administrators 
had not permitted the rates of feitili- 
zation and cultural practices suited to 
them, insisting on the standardized treat¬ 
ment. But the young men had purposely 
mislabelled one of Borlaug’s wheats, planted 
it in an obscure corner of the test plot, and 
applied 120 pounds of nitrogen instead of 
the authorized 40 pounds. The result was 
phenomenal. 

As soon as the performance of the Mexican 
Wheat was noted, Pakistan ordered 200 
kilograms and India 300, sent by air. In 
1964 these wheats were planted experi¬ 
mentally, in vaiious locations in both coun¬ 
tries. Despite poor fertility practices, les- 
iilts were good. A plan was developed: 
half the wheat would go for commeicial 
increase to make more seed available the 
following year; the other half would go for 
demonstiatious, planted in small plots 
by hundreds of farmers. Breeding work 
would go forward at the experimental farms, 
and there would be a step-up in the training 


of young scientists. India ordered 250 
metric tons from Mexico m 1965 and 
Pakistan 350. This was to be seed stock from 
Mexican commercial fields, not from test 
plots. But as a result of improper fumiga¬ 
tion and handling, much of the wheat had 
lost its ability to sprout. The Indians and 
Pakistanis planted the wheat at regular rates. 

It came up thin on the ground, an extremely 
poor stand, 7,000 acres m India and 10,000 
111 Pakistan. But each plant tiUered out, 
sending up many stems so that at maturity 
it seemed almost a full stand. Amazingly, 
about 80 per cent of the research work done 
m Mexico proved to be directly transferrable 
to Asia. 

Forthe 1966/67 crop, India ordered 18,000 
metric tons of seed wheat from Mexico, 
the equivalent of two average shiploads, 
Together with seed from their own produc¬ 
tion, this was enough to plant 700,000 acres. 
The Pakistanis had enough for 600,000 
aci-es. This was the year of the great drought 
on the Indian subcontinent, but the Mexican 
wheats did well. Under farm conditions, 
with proper cultuial practices, they out- 
yielded the native wheats by a factor of 2 
or 3 or 4, sometimes even more. Standing 
three feet tall instead of four or five, 
they took up enoimous amounts of soil 
nutrients and still stood erect. 

Then a great debate arose in India and m 
Pakistan. The Mexican wheats had looked 
very good. Should a full and firm commit¬ 
ment be made to these wheats? The de¬ 
cision lay with the government administra¬ 
tors, who consulted the farmers, the exten¬ 
sion service, the production scientists, the 
economists, and the sociologists. Counsel 
was divided. The farmers wanted the j 
wheat,butmanyofthe scientists were dubious; 
about staking so much on a wheat so new, 
subjected to such limited testing. Suppose 
there should be an outbreak of some plant 
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disease to which the new wheats were sus¬ 
ceptible, and the whole crop were lost? 
For a nation on the tlireshold of hunger, 
the margin for experimentation was too thin. 
The cultural practices recommended for the 
Mexican wheat were far beyond the experi¬ 
ence of Asia. Where would the necessary 
fertilizer come from? Could farmers be 
taught to fertilize and irrigate properly*^ 
The Mexican wheats produced relatively 
little straw; how would the bullocks be fed? 
The colour of the wheat was red, while the 
Indians preferred white. Baking qualities 
were not the preferred ones. With abundant 
supplies, the price would be driven down. 
And so on. 

In the end, the victory went to those who 
favoured the Mexican wheats. Pakistan im¬ 
ported 40,000 metric tons in 1967, enough 
with the seed they themselves had grown, to 
plant three million acres. The promotional 
programme was tremendous. There were 
demonstration plots all over the land, soma 
30,000 or 40,000 altogether, contrasting the na¬ 
tive with the Mexican wheats. Weather was 
good and yields from these wheats were heavy. 
In Pakistan the new wheats occupied 20 
per cent of the total wheat area and produced 
42 per cent of the total crop. In India the 
corresponding figures were 18 per cent 
and 36 per cent. The total production of 
wheat in Pakistan exceeded the previous re¬ 


cord by approximately oiie-third, bringing 
self-sufficiency for the first time m years. 
Further expansion of acreage in these wheats 
occurred in 1968/69 when India seeded 14 
million acres and Pakistan? million Mex¬ 
ican wheat varieties are grown on an area 15 
tunes as great as the entire area sown to 
wheat m Mexico only six years after the first 
samples, measured in grams, were received 
for trial. 

The Mexican wheats were a stimulus for 
other crops Almost concurrently with 
their adoption came the spread of the new 
“miracle nee,” IR-8, produced at the 
International Rice Research Institute in 
the Philippines, Lika the new wheats, the 
new rice is shoit-strawed, capable of standing 
erect when heavily fertilized, a voracious 
feeder, widely adapted. The techniques 
for developing the miracle rice were modelled 
onthose used by Borlaug on wheat. These two 
cereal grains are the backbone of the world’s 
food supply. Both have been immensely 
impioved and together they have touched off 
a transformation in the growing of crops, a 
“green revolution.” 


Excerpted from Not man Borlaug^Hunger Fighter. 
Washington (D,C), Foreign Economic Development 
Service, U.S Department of Agriculture, coopera¬ 
ting with the U S, Agency for International Deve¬ 
lopment, P.A 969, December 1970, pp. 1-17. 



Protein Deficiency can 
Cripple a Child’s 
Brain for Life 

Daniel Beiirman 


jyj^ALNUTRiTiON and particularly diets 
lacking m protein may affect the biain 
growth of young children to the point whore 
they cannot benefit fully from education 
and in fact, suffer damage that lasts as long 
as they live 

Scientists have long suspected such a link 
between mental retardation and inadequate 
piotoiu intake, but their suspicions are now 
unhappily being confirmed 
This was the gist of a statement made by 
Unesco’s Assistant Director General for 
Science, Professor Adriano Biizzati-Traverso, 
at a recent meeting held atthe United Nations 
in New York. It brought together a panel 
of advisors “to formulate a strategy state¬ 
ment on the protein problem confronting 
the developing countries” 

The most recentresearch quoted by Prof. 
Buzzati-Traverso was carried out last year 
by J. Cravioto and E.R. Delicardie in 
Mexico. They concluded that “children 


who survive a seveie episoda of malnu¬ 
trition early in life are handicapped in deve¬ 
loping skill in reading and writing and are 
less able to profit from the cumulative 
knowledge available to the human species in 
general”. 

These findings agree with the results of 
earlier work carried out in places as widely 
separated as Central America, India, Indo¬ 
nesia and Yugoslavia, on children known to 
have suffered from undernourishment. The 
tragedy is that the harm is irreversible. As 
Prof. Buzzati-Traverso sunmied up; 

“The extensive evidence available from 
research on experimental animals, and the 
more limited but very suggestive data 
collected on samples of children who had 
suffered malnutrition before entering school, 
in various parts of the world, show that 
malnutrition during certain critical periods 
of brain development (up to ages two to 
three years and possible at some stage of 
foetal growth) may produce permanent 
impairment of brain structure and 
functions.” 

Even more frightful implications are 
to be found in the results of work reported 
a few months ago in the American magazine, 
Science, Three researchers from the Uni¬ 
versity of California School of Medicine 
found that lack of protein affected not only 
female rats but also their offspring who also 
displayed lower cerebral weight despite a 
normal diet. The scientists, Stephen 
Zamenhof, Edith vanMarthens and Lud¬ 
mila Grauel, state: “If the results With 
rats have abearingon the situationin humans, 
one must consider that, even after nutritional 
rehabilitation, a cerebral deficiency may 
last for at least one generation longer”. 

This IS not a simple problem of “feeding 
the hungry”. Prof. Buzzati-Traverso 
suggested that child malnutrition is not so 
much caused by overall food and pro- 


Reprinted from Unesco Features, August 1971. 
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tein shortages as it is by “lack of awareness— 
by those who feed the children~of the 
consequences and implications of defective 
child nutrition”. 

He suggested two approaches. The 
first would be a research project to evaluate 
“anatomical, biochemical and behavioural 
effects of inadequate pre-school nutrition 
amongst children belonging to economically 
disadvantaged sections of society in all 
countries.” 

At the same time, he said “Authorities in 
charge of education in all countiies should 
be informed promptly of the risks inherent 
in malnutrition during critical periods of 
the child’s development. Ad hoc campaigns 
should be launched at the national level to 
inform teachers and parents about the 
problem”. 

Promotion Fund Called for 

Finally, he called attention to a sugges¬ 
tion by the United Nations Advisory Com¬ 
mittee on the Application of Science and 
Technology to Development for the 
establishment of a “protein promotion fund” 
and its appeal to the United Nations Deve¬ 
lopment Programme to support research 
on the problem. 

These aspects of the protein shortage— 
its effects on education and the need for 
basic research—'Were only two of the many 
that were reviewed by the panel at the 
meeting, which had Mr. C. Subramamam, 
India’s Minister of Planning, as chairman. 

In the panel’s final statement, it recom¬ 
mended a broadening of the membership 
of the present Protein Advisory Gioup 
sponsored by the Food and Agriculture 
Organization, the World Health Orgniza- 
tion and UNICEF. 

The statement said that its mcmbeiship 
should include “all relevant organizations 


and agencies in the United Nations system” 
and that it should have a “highly competent 
technical secretariat” located in New York. 

The panel pointed out that there Were a 
number of ways available to meet tJie protein 
shortage whether through increased pro¬ 
duction 111 agriculture and fisheries, deve- 
lopnienl of such unconventional soiirees 
as fish protein concentrates or protein 
production from peti oleum, or better 
education of consumers But priorities arc 
needed and, the panel said flatly, tlicy must 
he given to saving those in danger of iire- 
vcrsible damage—that is, the children. 

“It IS ironical”, the panel said, “that a 
society which undcitakes the responsibility 
of training the minds of the young docs not 
also accept thetaskof assuringtiiatthc nutri¬ 
tional and health status of its children is 
such as to make this training achieve its ends 
to the fullest.” 

Protein Development Tax? 

A host of ideas can be found in the panel’s 
statement. For example, it says that deve¬ 
loping countries could pay for nutrition 
progiammcs by a “protein development tax” 
on such items as soft drinks, alcoholic bever¬ 
ages, entertainment, sources of energy, 

luxury travel, etc. 

Another ironical aspect of the piotein 

problem is an unexpected effect of the Green 
Revolution which has seen new varieties of 
wheat and rice literally double the cereal 
production of many countries. More cal¬ 
ories are grown but, as the panel said, there 
has been a reduction in the area sown in 
protein-rich pulses and oil seeds as they are 
displaced by high yielding varieties of 

wheat and rice. 

This problem could be met by a research 
programme to achieve a similar “Green 
Revolution” in other crops and also by a 
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^nWM.0,1 of tliopriM of pulses and oil 
e ds to make it mote provable for tlie 
tanner to grow them. 

At the same time, more research is needed 
on increasing the nutritive value of cereal 
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protein. _ A high-protcin variety of maize 
does exist but its yields are lower than that 
of normal varieties and it is not 
disease-resistant. 


as 



Around the Research 
Laboratories of India 


Cotton Technological Research 
Laboratory, Matunga, 
Bombay 


Introduction 


The Cotton Technological Research Labo¬ 
ratory, Matunga, was founded by the 
Indian Central Cotton Committee m 1924 
It has helped in pioneering research on 
cotton fibre technology, especially on cottons 
grown in India. The Laboratory is housed 
m its own buildings in the northern part 
of Bombay, amidst expansive Mumcipal 
Gardens and in the neighbourhood of the 
educational and research institutions of the 
Bombay University. It has attached to it 
small laboratories situated at eight cotton¬ 
breeding stations in the different cotton- 
growing States in the country. The ad¬ 
ministrative control of the Laboratory was 
taken over by the Indian Council of Agricul¬ 
tural Research with effect from April 1, 
1966. 

Objectives 

The mam objectives of the Laboratory 
are; (1) to help the Agricultural Depart¬ 


ments in evaluatingthe quality of 
evolved, ( 2 ) to assist th tiade 

by furnishing true evaliiat 

erent trade varieties of Indian W ^ 

issue authoritative repoits on 

of textile materials received fo 

trade. Government Departments and^o^_ 

sources, (4) to carry out resear 
ga.ionson.tephyrtoto'« 
tural properties of ^ on the 

quality and of 

factors involved during P 

cotton and on J ^ Jstigations 

ters of yarns, (5) to carry o 

on the ginning utilization 

investigate the greater ^ ^ton seed, 

of cotton, cotton waste, J j ^nd 

etc., and (7) to disseminate technical 

scientific infoimation. carrying 

Tte 

out difforout types of tests on 

,u„,s end fabrios. It dso Ms e J b 

uuU wheit A moder- 

uniform oompKlUe ^ is in 

uizatiouand etpanslon piogtemme 

progress f samples 

In addition to routine 

received from various earned 

research investigations and, 

out at the laboratory mva ^ 

based on these, a large Laboratory 

“‘““‘'r.oTSX' do«mmatiou of 
carries out tesrs loi fabrics, and 

properties of fibres, for 

issues authoritative repo , 

the benefit of trade and m ^ 

Achievements 

.. T« vear more than 
Sample Testing: ^ the results 

3,000 samples were te^ c 
reported to the different “tto 
officers oftheAgr^dtur^ Dep^ 

tests were arranged on various cot 0 
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wliich were ia the advaueed stage and ready 
for distribution on a large scale. In addition, 
a large number of samples obtained from 
different agronomic and breeding experiments 
in the States weie tested and technological 
reports on them were issued. A very large 
numbei of extra-long-staple strains have 
been evolved and their test results arc 
being supplied to the breeders. It is ex¬ 
pected that in the near future some of these 
varieties combining high yields wilhincrea.sed 
spinning value would be stabilized 

Research Investigations : Many lescarch 
projects were under investigation during 
the period. Some of them were completed 
and studies on others are being continued. 
A brief review on some of the projects is 
given below. 

Investigations on the niici'obial decom¬ 
position of cellulose with special reference 
to the effect of Indian bacterial organisms 
on cotton and cotton fabrics were carried 
out under a PL 480 grant to obtain basic 
information for the improvement of cotton 
products. Another project also financed 
from PL 480 funds was connected with the 
preparation of radio-resislant and radio¬ 
sensitive celluloses to obtain basic informa¬ 
tion on the chemistry of cotton celluloses 
The effect of gamma-ray irradiation at diff¬ 
erent dosages on the raw as well as the che¬ 
mically modified samples of cotton was 
studied. 

In the study of structural properties of 
cotton by optical methods, some interesting 
results were obtained and these were published 
in the Textile Research Journal. Further, 
a paper entitled ‘Plant cell-wall structure with 
special reference to cotton fibre’ was pre¬ 
sented at the Molecular Biology Sessions held 
at the Banaras Hindu University. 

The work relating to the investigation on 
vaiiation in fibrillar orientation (measured 
by 40 per cent X-ray angle), fibre bundle 


strength, DP and fibie maturity of fibres 
from different regions of the cotton seed was 
completed and the results published 

To study the manner of inheritance of 
fibnllai ouentation and stiength in cotton 
fibres, three varieties, viz ‘Bobdcl’, ‘Cabal 
T-ir and ‘Delfos 531 C’, w'eie chosen as 
suitable parents for crossing Single plant 
selections and the crosses obtained from these 
varieties were tested for fibre pioperties. 

To find out the association between single 
fibre strength and bundle strength of cotton 
fibres at different gauge lengths, an 
investigation was undertaken and it was 
observed that the single fibre strength at 
3-mm gauge length and bundle stiength at 
0- and 3-mm gauge lengths were highly 
correlated with 40 per cent X-ray angle and 
spiral angle. On the other hand, single 
fibre strength at lO-mm gauge length did not 
show any such sigmficant association. A 
high correlation was obtained between 40 
per cent X-iay angle and spiral angle. 
The degree of association between structural 
characteristics and tensile properties varied 
foi different cottons. 

As very little information was available on 
the effect of relative humidity on the bundle 
strength values at different gauge lengths, an 
investigation was undertaken to study the 
changes in fibre bundle strength with rela¬ 
tive humidities. The data on the 12 cottons 
tested earlier for the bundle strength at 0- 
and 3-ram gauge lengths at different relative 
humidities were being analysed. The effect 
of relative humidity on the bundle strength 
values of chemically treated cotton was also 
studied. 

An investigation was under progress 
to find out whether the existing micronaire 
scale was suited for the measurement of 
fineness of cotton belonging to different 
species. The data collected were being 
analysed. 
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Tlio uivcsligalion relating to the study of 
changes in circularity of the fibres of various 
cottons when treated with caustic soda solu¬ 
tion of different concentrations and under 
different tensions Was completed and paper 
incorporating the results was sent to the 
Textile Research Journal for publication. 

An investigation to find out the range 
of colour, in terms of reflectance and yellow¬ 
ness measured by the Nickerson Hunter 
Cotton Colorimeter, was under progress to 
determine whether any colour limits could 
be specified for different grades of cottons. 
A large number of samples of the requisite 
grades were being obtained through the 
East India Cotton Association, Ltd., 
Bombay, for this purpose. 

An investigation was undertaken to assess 
the role of various structural parameteis, 
like shape factor, number of convolutions, 
ribbon width, mici'otopography, molecular 
oiientation and the degree of crystallinity in 
determining the lustre behaviour of cotton 
fibres. For this purpose, a lustre meter and 
a s ample holder Were f ahric ated at the Labor a- 
tory and number varieties of cottons were 
tested for various properties, The chief 
findings were presented in the form of a 
paper at the Eighth Technological Confer¬ 
ence held at Coimbatore from December 
15-17, 1966. 

With the introduction of the metric system 


in the country, it has become necessary to 
standardize the method of tests, necessary 
experimental work was undertaken and it 
was Concluded that skeins of 50m couM 
Conveniently be used for the purpose of 
determining the metiic skeiu-breaking- 
strength tests, if the results are to be expressed 
in tenacity values. 

To study the effect of certain chemical 
treatments on the crystallinity and some 
other physico-chemical properties of cotton 
fibies, tests were carried out on a nmnbcf 
of chemically treated cotton samples and 
the results were presented at cotton tech¬ 
nological conferences. 

Major Lines of Investigation in Progress 

The investigation on the inheritance of 
X-ray angle and fibre strength is being 
carried out m co-operation with the Regional 
Research Head of the Indian Agricultural 
Research Institute Centre at Coimbatore. A 
detailed study on the effect of agro-climatic 
factors on the development pattern of cotton 
fibres IS in progress m collaboration with the 
Cotton Specialist at Surat. 

To evolve cotton seeds With negligible 
gossypol content, chemical composition 
of cotton seeds was commenced, The 
method of estimation of gossypol content is 
being standardized. 




Death by Desiccation 

The pioblems of polludon with peibislent 
pesticides have been so well publicised that it is 
peihaps suipiising that moie woik has not been 
dons to find ways to overcome them. A gieat deal 
of publicity has been given to biological pest 
contiol—the idea of killing insect pests not by 
chemical but by introducing theit natural predators 
But, as the Agiictiltmal Research Council’s insect 
physiology unit in Cambridge University’s Depart¬ 
ment of Zoology IS now showing, a new look at the 
basic physiology of insect pests can provide revolu- 
tionaiy new approaches to pest control rathei than 
by the more familiar method of chemical pesticides. 

'J’wo of the scientists in tlie unit, Dr. 

Simon Maddrell and Dr. John Casida— 
who is now in Betkeley, California—working 
with very limited resources, have already 
found what could become a completely new 
approach to chemical pest control Their 
research began from an investigation into 
the Ways in which conventional insecticides 
kill insects—Something which is surprisingly 
little understood, and they discovered that the 
overall effect of most conventional insecti¬ 
cides upon the nervous systems of insects is to 
cause the over-production of insect hormones. 
One such hormone is the diuretic hormone 
which controls the excretion of water. The 
Cambridge scientists found that insects 
Could be killed by causing them to over- 


Ropriated from Spectrum, 1971. 


produce this hormone Without any need for 
any other effect, since with their high surface 
area to volume ratio, insects are so specially 
sensitive and vulnerable to water loss 

Why not, therefoie, reasoned the Cam¬ 
bridge scientists, bypass the crude stimulation 
of the nervous system and use instead as an 
insecticide a chemical copy of the diuretic 
hormone itself. There is no reason, say 
Maddrell and Casida, why a sort of che¬ 
mical model of the diuretic hormone should 
not be synthesised on a huge scale and used 
as an insecticide. It will be effective in very 
low concentiations because insects aie le- 
maxkably sensitive to such hormones, it 
would quickly be broken down to harmless 
compounds by natural chemical processes 
and, since the homiones of insects are quite 
different to those of higher ammals, it would 
be completely haunless to human beings, 
farm animals, domestic pets and so on. 
In aff these ways it would offer considerable 
advantages over conventional pesticides— 
with the added benefit that it would be 
several years before the insects could evolve 
any substantial degree of reswtance to such a 
new weapon. 

In thelahoratory next door to Dr. Maddrell, 
Dr. Michael Berndgo is equally enthusiastic 
about a different means of causing death by 
desiccation. House-flies, he is begimiing 
to believe, could be killed by making them 
diy themselves out by oveiproducing saliva. 
A house-fly feeds by pouring sahva over 
its food to dissolve it and then sucking up 
the food in solution. Dr. Berridge has 
been studying the detailed moleculai bio¬ 
logy of the Way in which the insect’s nervous 
system stimulates the production of saliva. 
He has shown that a neuro-transmitter 
serotonin is used. This is secreted by nerve 
cells and travels from them to the surfaces of 
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the actual salivary gland colls. On tho 
surfaces of these cells arc receptor sites, tmy 
sockets each the size and shape of a single 
serotonin molecule. When a serotonin signal 
is sent from a nerve cell then serotonin mole¬ 
cules arrive at and fit perfectly into these 
sockets, receptor sites, and their arrival 
then triggers off saliva production. Dr. 
Berridge has shown that this is actually a 
three-stage process. First as a serotonin 
mokecule approaches a receptor site, one 
part of the molecule acts as a kind of feeler 
directing the molecule down towards the 
receptor site rather like an aeroplane making 
a blind landing on a runway. Then the 
mam body of the molecule settles into the 
socket. Thirdly, another part of the mole¬ 
cules acts as the actual trigger which starts 
salivation. 

Dr. Berridge believes now that the de¬ 
tailed shape of both molecule and socket ate 
known, it should be possible to manufacture 
molecules similar to but slightly different 
from serotonin which would fit into the 
sockets, press the trigger which started saliva¬ 
tion, but which would never release the 
trigger so that the fly Would go on producing 
saliva until death by desiccation ensued. 
Another approach Would be to make a 
slightly different version of the molecule. 
This one would fit into the receptor sites 
but would be unable to start salivation. 
But by filling up all the receptor sites it would 
prevent the proper signal, serotomn, from 
getting through when the insect landed 
on food. In this way the house-fly Would 
be prevented from producing saliva and 
would starve itself to death. 

Dr. Berridge believes that beyond these 
first ideas lies the possibility of developing a 
whole new family of insecticides based upon 
chemicals designed to interfere with the action 
of serotonin in various different Ways. Nearly 
all conventional insecticides operate by inter¬ 


fering With the action of another neuro- 
transmitler, acetylchohne. Since serotonin 
is probably as improtant a transmitting sub- 
tance as acetylcholine it’s certainly possible 
that this approach could double the chemi¬ 
cal armoury available against the insect 
world. 

Although all these approaches are still 
at the experimental stage, enough has 
already been achieved to justify scientists 
demanding that more money should be 
spent on basic research into insect 
physiology with a view to providing new 
approaches to the serious and growing 
problems of pest control. 


Studying the Secrets of 
Haemoglobin 

'J’he secrets of haemoglobin, the blood 
protein that carries essential oxygen 
to body tissues, are being revealed by re¬ 
search at the Medical Research Council’s 
Laboratory of Molecular Biology m Cam¬ 
bridge. Dr. Max'Perutz, Head of the Labo- 
latory, has recently completed a model of 
the structure of the haemoglobin molecules. 
It is the result of 34 years’ work by Dr. 
Perutz, a Nobel Prize winner for Biology, 
Haemoglobin transports oxygen from the 
lungs and carries back carbon dioxide, but de¬ 
tails of the process have remained a mystery. 
The molecule of haemoglobin is an amazing 
worker, though its structure is so complica¬ 
ted that it requires ten thousand atoms to 
be able to pick up two molecules—four 
atoms— of oxygen. One blood cell contains 
about 280 million haemoglobin molecules and 
it can carry 100 million molecules of oxygen. 
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Haemoglobin getsabigger appetite for oxygen 
as it captures it, so that the more the process 
goes on the more it improves. Once it starts 
releasing its oxygen to tissues, the reverse 
happens, mata'ng this operation just as effi¬ 
cient. The haemoglobin expands and con- 
tiacts as it works—another mystery. 

Now Dr. Perutz has unravelled the way 
that haemoglobin operates. The oxygen 
is held by an iron atom which actually con¬ 
tracts when it captures the oxygen. This 
makes it small enough to be itself gripped by 
a ring of nitrogen atoms in the haemoglobin 
and held for its journey to the tissue. When 
the oxygen is released the iron atom expands 
again, the haemoglobin re-arranges itself 
and is ready to pick up carbon dioxide, the 
waste gas of breathing. At the same time 
it develops an affinity for hydrogen ions 
that neutralise the carbon dioxide and pre¬ 
vent the blood becoming too acidic 

This work on the minute details of hae¬ 
moglobin may have important effects in 
the treatment of blood diseases. For exam¬ 
ple, sickle-coll anaemia is a disease parti¬ 
cularly prevalent in Africa and can cause 
early death. The red blood cells of 
sufferers distort into the curved shape that 
gives the disease its name and they are un¬ 
able to carry oxygen properly. The defect 
originates in a group of atoms in the haemo¬ 
globin Whose position is now precisely 
known. It may be possible to Bud a drug 
which blocks off this group completely. 

Ropunted from sp^ctnim, 1971. 


World Adopts Atomic Time 


by atomic time instead of astronomical time 
When a new reference standard is adopted 
on January 1, 1972. 

From that day time signal transmissions 
Will correspond with an internationally 
agreed time scale derived from atomic 
clocks, the most precise of all measuring 
instruments The first atomic clock was 
developed hy Britain’s National Physical 
Laboratory in 1955 followed by separate 
developments in the U.S A. and Canad a. 

The worldwide adoption of atomic time 
in radio and television broadcasts will faci¬ 
litate the operation of precise time synchro¬ 
nisation necessaiy in satellite tracking, radio- 
astronomy and high-speed communications. 

In everyday time keeping the effect of the 
change will be small, amounting to about one 
second a year Two atomic clocks, one 
at the National Physical Laboratory and the 
other at Rugby in central England, 
will set the pattern of British time keeping. 

Part of the National Physical Laboiatory’s 
Work as a standardising laboratory is to 
establish and maintain primaiy standards of 
time. To this end the first atomic clock 
was successfully developed by the Labora¬ 
tory to replace the previously well 
established quartz crystal clock. 

From experience gained with this equip¬ 
ment, a new clock was designed in 1957, 
a basic idea of Which was that it should de¬ 
fine frequency and a unit of time 10 times 
more accurately than the prototype model, 
This objective was achieved by peifecting 
a timepiece with a standard of accuracy of 
about half a microsecond a day—equiva¬ 
lent to one second in 150,000 years. 


J^ONDON’s famous Big Ban and timepieces _ 

throughout the world will be governed CoKrtesy: Biitisu information Services. 
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A Cheap Substitute for 
Granulated Zinc 

S. D. Choudhry 

Qnly a, montli back, I, at the invitation 
of ail old student of mine, visited his 
Aluminium Works at Jagadhri. While we 
were at tea, Ifound the labourerwere throw¬ 
ing a black dust like poWdcr outside on the 
road as waste. My host fold me that they 
Were anxious if that rejected dust could 
be put to some practical use. I felt 
interested; they had extracted alu¬ 
minium from the factory Waste and 
the ash in the form of black powder was 
being thrown away. 1 sent for hydro¬ 
chloric acid. I added acid over a few grams 
of the dust Waste. Hydrogen came out 
copiously for a long time. Now this alumi- 
mum waste is very cheap and can be had by 
paying a rupee or so for a quintal. Therefore, 
this waste can be used for the commercial 
preparation of hydrogen gas at a very low 
price. It is high time we in India substitute 
granulated zinc with aluminium Waste dust 
Which is so economical. Aluminium reacts 
with hydrochloric acid to produce aluminium 
chloride and hydrogen. Sulphuric acid 
reacts with it to form aluminium sulphate 
and hydrogen. Both these salts are of 
commercial importance. Why waste national 
resources by purchasing costly zinc When a 
cheap substitute is available? 


Explosives to Control 
Algae Growth 

cientiSTS at a Welsh University believe 
fliey have discovered a cheap and cfTective 


method of controlling algae growths which 
threaten to turn lakes and reseivoirs into 
“green pea soup”. 

Using explosive devices, biologists at the 
University of Wales, Institute of Science and 
Technology under Prof. R.W. Edwards 
have been able to create shock waves. 
The Waves cause the buoyancy bags, which 
keep the algae afloat, to burst, and the algae 
to sink to the bottom. 

This technique has been successfully tried 
out on a reservoir feeding the Works of the 
British Steel Corporation at Port Talbot. 
The reservoir had become so thick with 
algae that it Was seriously affecting the pro¬ 
duction of high grade steel. 

Prof. Edwards said his team used cordtex, 
which is niamifactui ed by Imperial Che¬ 
mical Industries, to create the explosion. 
The best method of doing it was to roll it 
into balls and sink them at different points 
in the lake and detonate them all together 
This method minimised the effects on fish. 


Courtesy: British Infoimation Soivices. 


Fighting Air Pollution 

TAirect methods of fighting harmful dis¬ 
charges are unfortunately not always ef¬ 
fective. Every thermal electric power station 
burns hundreds of tons of fuel a day. The 
gas, forming during coal burning, at first 
sight has low sulphur content—only 1-4 per 
cent—but the net quantity of discharge is 
immense. At large stations up to 95 per 
cent of ash can be trapped, but 5 per cent 
(and this is quite a lot) can get into the 
atmosphere. Therefore, the only way out, 
so far, is to build high smoke stacks: with 
the growth oftha height of the smoke stacks 
&om 10 to 100 m the concentration of 
toxic gases in the neat-ground air layers 
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falls by 100 times, and this means 99 per 
cent cleaning effect. 

Only 5-10 years ago the smoke stacks 
of thermal electric power stations in the 
USSR Were 120-150 mhrgh, and now the 
figure has reached 180--250 m, and smoke 
stacks of up to 320 m are being designed. 
Yet, it is by far not always feasible to in¬ 
crease the height of smoke stacks—it is much 
more sound and cheaper to learn to forecast 
the development of a dangerous weather 
situation. In Leningrad, the first experi¬ 
ment of this kind recommended in case of 
unfavourable weather forecast to transfer 
city boiler rooms to reserve fuel—gas. 

Thus, air pollution must be fought with 
all the means available. Installation of 
powerful filters, construction of high 
smoko stacks, change-over to comparatively 
harmless type of fuel, reduction of discharge 
intensity in periods of unfavourable weather, 
introduction of electric cars instead of auto¬ 
mobiles—such are the Ways of fighting for 
clean air. This is a job in which meteorolo¬ 
gists must also be enlisted, and they are 
always ready to help 

Couriesy: Soviet Fealures. 


Choosing Sex 

Many scientisls who have considered the ques¬ 
tion feel that it may be bettor foi the human race 
if It never finds an effective way of being able to 
select the sex of its off-spring Upsetting the natural 
one-to-one ratio of boy to giil could have disastious 
consequences. None the less, for better oi worse, it 
is a development which is very likely to come. 

present, it is possible to predict the 
sex of children only by sampling the 
aminotic fluid which surrounds an unborn 


foetus and examining the genetic constitu¬ 
tion of cells which have leaked into the flu'd 
from the embryo- But this method is of 
little use unless the parents are willing to 
have the foetus aborted if the sex is not the 
preferred one So as to decide sex 
before conception, some means has 
to be found to separate the kind of sperm 
which gives rise to a male from that which 
gives rise to a female. In the human, the 
sex of the offspring is determined by the 
father not mother; so, in order to choose 
the sex of children, male and female 
sperms have to be effectively separated 
before fertilization. 

Over the past several years, there have been 
a number of reports that this separation has 
been successfully performed but none of 
them have been confirmed. The difficulty 
is that the difference between a male produc¬ 
ing sperm and a female producing sperm from 
the same man is very slight. The 
only genetic difference between males and 
females is found in one pair of the numerous 
chromosomes in every human cell. In the 
male, one member of this pair is a big chro¬ 
mosome called the X chromosome, the 
other is a smaller one With a distinctive shape 
called the Y chromosome. In the female, 
both members of the pair areX chromosomes. 
Some people believe that it is possible to 
separate the two by centrifuging a sample 
of sperm for a long time. When the male and 
female producing sperms will separate because 
the male sperm is minutely lighter owing 
to the presence of smaller chromosome. But 
separations carried out so far have only 
provided semen with a higher proportion of 
one type than the other, Which canbe used to 
provide a belter chance of producing one 
sex or the other, but nothing like a certainty. 

Other methods, however, are being tried to 
separate male and female producing sperms. 
The thing most urgently needed is some means 
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of testingjust liow efficient such separations 
really arc. And this is exactly what has iioW 
been provided by a team of scientists at 
Guy’s Hospital, London, the Medical Re¬ 
search Council’s Poptilation Genetics Unit, 
and the Oxford Botany School. They have 
shown that a chemical commonly used to 
treat malaria, quinacrine dthydroclilonde, 
stains the human male sex chromosome, the 
Y chromosome, brightly, but does not 
stain the rest of the genetic material nearly 
so brightly. Testing with the stain pro¬ 
vides a quick, simple and utterly reliable 
technique for identifying maleness in any 
human cell, that is to say^ any cell which 
stains brightly must come from some 
part of a human male’s body. 

Unfortunately, it is unlikely that the stain 
can be used to sort out male human sperm 
for subsequent artificial insemination with a 
view to ensuring the birth of male children 
only. The scientists fear that the use of the 
dye will kill the sperm or at least inactivate 
them. However, there is a chance that this 
may not be so Quinacrine dihydrochloride 
has so far only worked with human cells. 
It has not distinguished the Y chromosomes 
in any of the animal cells tested with it so 
far So, there is no immediate application 
for the technique in agriculture, where far¬ 
mers are so often anxious to produce female 
rather than male offspring. Nona the less, 
by showing straightaway how effective any 
other technique has been in separating the 
sexes, staining the Y chromosome brings 
the day much nearei when We can select 
the sex of our children or our domestic 
animals. 

It is also going to be valuable to psy¬ 
chiatrists concerned with violent criminals. 
Recent British research has shown that male 
children born with a genetic deformity, 
which gives them an extra Y chromosome 
ip every cell, tend be predisposed towards 


criminal violence. The new stain can reveal 
the presence of an extra Y chromosome 
straightaway, m a simple test applied to a 
tissue sample scraped painlessly from the 
inside of the cheek. A test like this is exac¬ 
tly what psychiatrists need, faced with a 
violent criminal or a young boy showing 
Worrying behaviour patterns, which could be 
linked to an extra chromosome 

Finally, the team has discovered that other 
parts of the genetic material, although they 
are dyed much less strongly than the Y 
chromosome, are actually dyed differently 
in different individuals This difference 
reflects one kind of genetic difference and 
it could open up a completely new and val¬ 
uable field in genetic lesearch, 


Reprinted fiom Spectrum, No. 82. 1971. 


Super-conducting Filaments 

Many new ways have been found dunne the past 
few years of exploiting the phenomenon of super¬ 
conductivity—the pioperty possessed by a few 
materials of completely losing their lesistance to the 
passage of an electric current when they are cooled 
down to near absolute zero. One of the most 
nnpoitant of these is in supei-conducting magnets. 
If the coils of a magnet can be made supei-conduct- 
ingthenthis allows of the ccnstruction of extremely 
powerful magnets, in much smaller sizes, requiiing 
far lower voltages 


guPER-coNDUCTiNG magnets are finding 
a variety of important uses, and if 
these are to be extended, more and more 
advanced super-conducting alloys are needed. 
The difficulty lies in producing super-con¬ 
ducting wires with Which to make the wind¬ 
ings of the magnet. The British Cryoge¬ 
nics Council, which exists to promote re¬ 
search and development into the properties 



310 


SCHOOL science DECEMBER 1971 


of malei’ials at very low temperatures, has 
recently awarded the first of What is to be a 
new series of annual prizes to a British team 
which is developing super-conducting wires. 
The winners are two young scientists, Mr. 
M N. Wilson of the Rutherford High Energy 
Laboratory, and Mr, E.C Barber of Im¬ 
perial Metal Industries 
Mr. Wilson and Mr. Barber began their 
collaboration 111 a project to design a super¬ 
conducting magnet for the United Kingdom’s 
particle accelerator (atom smashing machine) 
known as NIMROD, at the Rutherford 
Laboratory. No super-conducting magnet 
hasyet been installed m a particle accelerator, 
hut undoubtedly in the futuie they will be, 
because more powerful magnets are required 
to focus and direct the beams of atomic parti¬ 
cles used in such machines. 

The world’s most powerful particle acce¬ 
lerator, the so called ‘Big Machine’ which is 
to he built for CERN at Geneva, is being 
designed to incorporate super-conducting 
magnets and eventually as many as 1000 such 
magnets may be required for this machine, 
And almost certainly the windings of these 
magnets will come from Mr. Barber’s labora¬ 
tory at Imperial Metals 
These Wires are made of microscopically 
fine filaments of niobium and titanium, each 
strand wrapped in cupronickel, and embedded 
in bundles in a copper matrix. The finer 
the filament, the better, Ona production scale 
Imperial Metals have made filaments down 
to five microns in diameter; on a laboratory 


scale they have managed to achieve about 
half a micron. 

The reason why such tiny filaments are 
needed is that super-conductivity is a very 
unstable state. A small change inthe tempera¬ 
ture or current or magnetic field, all affect the 
properties of one filament. But if this filament 
is very fine and isolated from the others, then 
the overall effect wdl be unimportant. None 
the less, changes in the properties of one fila¬ 
ment can affect the others to some extent. 
But even this canbe cancelled out, by twisting 
the filaments round each other—a difScult 
piece of technology at this order of magnitude, 
butone recently achieved by Imperial Metals, 
Super-conducting filaments are, of course, 
finding use in fields besides atom-smashing. 
Those made by Imperial Metals are incor¬ 
porated in the super-conducting electric 
motor, built by the International Research 
and Development Corporation (IRD) which 
IS now driving apump in a large power station 
at Fawley. Many more such motors wiB 
be bluit inthe futiiie, and super-conductors 
Will find their way into the huge electrical 
generators of the future, each single one able 
to supply 2000 megawatts, enough power 
for 2^ million people, One of the most 
immediate markets, Imperial Metals believe, 
will be in marine propulsion, where the us? 
of super-conductivity in generators and 
motors can cut down the size and weight of 

the plant enormously. 

. ^ 

Reprinteil from Spectiiim, 1971, 
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NCERT at the National Science 
Exhibition for Children 


'pHE Depattment of Science Education 
oftheNIE participated in the National 
Science Exhibition held at National Physical 
Laboratory of India and Bal Bhavan from 
Nov. 14-22, 1971. 

The suggestion for the Science Exhibition, 
first of its kind, came from the Jawaharlal 
Nehru Memorial Fund. The task of organis¬ 
ing v'as entrusted to the National Council 
for Science Education (NCSE) in close coop¬ 
eration with the Council for Scientific and 
Industrial Research (CSIR), the National 
Council of Educational Raseaich and Train¬ 
ing (NCERT) and the University Grants 
Commission (UGC). 

The Exhibition was declared open by 
the President of India, Shri V.V. Giri, on 
Nov. 14. 1971. 

In his welcome address, Dr. D.S. Kothari, 
Chairman, UGC, said, the purpose of the 
Science Exhibition was: 

(i) to popularise science through its 
promotion and dissemination; 


(ii) to show to common man that 
science is interesting (it is exciting, 
relevant, creative and humanistic) 
through creative work of institutions; 

(iii) to show the best of a participating 
institution; 

(iv) to illustrate the basic principles of 
science through simple models; 

(v) to provide a teacher, knowledge 
about teaching aids which help in 
communicating science to people 
without gross distortion and mis¬ 
representation; 

(vi) to show improvisations exploiting 
fully simple devices; 

(vii) to provide information, in the con¬ 
text of the poor nature of our country, 
about the use of easily available 
materials, import substitutes and 
local resources, and 

(vili) to provide an opportunity to those 
Who are stuck up with some pro¬ 
blem, an opportunity to learn from 
one another’s experience. 

For three months, i.e. from the middle 
of August ’71 to the middle of November, 71, 
energies of the Department of Science 
Education Were directed towards the 
preparation and finalization of new 
exhibits keeping in view the purposes 
outlined above and particularly the 
illustration of basic principles of science. 
A large number of these exhibits were drawn 
from all the four groups of the department 
namely—Physics, Chemistry, Mathematics 
and Biology. 

The credit of shaping some of the pro¬ 
posals and blueprints to demonstration or 
Working models goes to the Central Science 
Workshop. 

The exhibits were screened by an expert 
committee sent by NCSE and UGC and finally 
by Prof. S.V.C. Aiya, Diiector, NCERT. 
The four guiding criteria in screening were 
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(i) eye catching nature of the exhibits (ii) 
possibility of a continuous display (in) lasting 
for the tenure of the exhibition; and (iv) 
not much expensive in operation. Based 
on the above criteria 30 exhibits were selected 
for display, about two-thirds of which were 
exhibited at Bal Bhavan and one-third at 
the National Physical Laboratory. Besides 
the new exhibits, primary and middle school 
science kits and textual materials for schools 
produced by NCERT Were also displayed. 
The textual materials included textbooks, 
teachers guides, supplementary readers,study 
group materials and laboratory manuals. 

Soma of the popular exhibits were electrons 
at work, see your voice, hydraulic balance, 
rotating chair, ping-pong ball supported on 
cushion of air, blood pressure measuring 
apparatus, bulb lighting by itself, non-burst¬ 
ing of balloons on hitting, salvaging a sunken 
ship, a battery operated electromagnet, rota¬ 
tional and string models of some geometrical 
solids, muscle contraction, DNA model, 
rope that is not destroyed on burning, arti¬ 
ficial snow ^all, separation of the consti¬ 
tuents of different inks by paper chromato¬ 
graphy, Working mod el for the preparation of 
hydiochloric acid by burning a mixture of 
hydrogen and chlorine, distillation of petro¬ 
leum, welding by thermite process, and 
conversion of energy from one form into the 
other. 

To ensure whether or not the visiting school 
children were understanding the basic prin¬ 


ciples underlying NCERT exhibits, a quiz 
was organized in Which children were re¬ 
quired to answer questions based on the ex¬ 
hibits. Those who secured 80% or more 
were given an attractive prize, a sun dial 
produced by NCERT, showing that the 
shadow of an object m front of the sun can 
be a measure of time. 

There was a great rush of visitors to 
NCERT pavilions. Some of the important 
dignitaiies who visited our pavilion were : 
the President of India, Shri V.V. Gin, Hono¬ 
urable Piiine Minister, Mrs. Indira Gandhi, 
Honourable Minister of Tourism and Avia¬ 
tion, Shn Karan Singh, Honourable 
Deputy Minister of Education, Prof. D.P. 
Yadav and Dr. D,S. Kothari, Chairman, 
University Grants Commission. The 

innovations in our science kits, science and 
mathematics models as an aid to teaching ‘ 
were highly appreciated. 

A keen interest was evinced in the science 
kits. Many, who saW, were eager to pur¬ 
chase them for their schools. 

We might have lost in sophistication but 
if simplicity and comprehension at school 
level were a criterion we were certainly 
leaping in the exhibition. It may also be 
mentioned that our impact would have been 
greater had not the organizers suggested to 
us to display the exhibits at the two different 
places. We have gained a lot of experience 
and we hope to be still better in future. 




